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CealicMuyeck 08 MRKpOpaiouuposanme. M.: Hayka, 1984,

B moHOrpahui »anarsioTcA BONPOCH!, CEA3AHABIE £ M3yYeHWeM NapaMeTpos Konebanmi
TPDYHTOR NPW CANBHBIX 3@MNETRACEHUAX. AHENUIUPYIOTCA CTATUCTHYECKVE XaPaKTEPUC-
THKW KONEOEWWK CKanbHbiX FPYHTOB ¥ DAaCCMATPUBAETCA BOIMOMHOCTb WX WCNONBL3I0BE-
HUA Kak 3TanoNHbIx. Ocoboe BliMMaHME YaENneHO pesyneTaTam WIyueHun CeRCMUYECKUX
CBOMCTB FPYHTOB Pa3nMuMOro COCTaBa (NeCKOB, FMMHUCTBIX, NBCCOBLIX W KPynHOOGno-
MOUHBIX} . M3naraieTcA BORpochki {COBENIWEHCTBOBAHNA METOAQE CeNCMUUECKOrO MUK PO-
poionuposarun  {CMP} npuMeHUTERbHO K O6BOAHEHHLIM U BeuHOMEPINbIM FPYHTaM.
Bonbwioe MecTo yReneHO WCMONLIOBIHMIO MWMMYALCHLIX MCTOMHUKOB U MUKDOCEACM &
CMP, PaccMmOTpeHbl METOAMYECKME BONPOCH! NPUMEHEHUA PacueTHuIX cnocoboe B npak-
™Ke CMP # npuBeaeHs) NOUMEREE KX KOHKPATHOrMQ WCIIONL30BAHAR fpU OUeHKe CeRCMU-
4eCKOW ONacHOCTU NNOWAACK. YARNAETCA BHUMaHUE NpoBnemMe HenNUHeHbIX ABReHMiA,
NPOMCXOAAWINX NPYU  CUALHBIX 3eMNETPRCEHMAX, U HEKOTOPbIM BUAGM OCTAaTOMHbIX Re
hopmaumit.

Knura Gyger nonesHa cnaunanucram 8 OGNacTy vHXXeHEPHOR CeMCMONOTHW, W3biCKa-
TENAM, BLINONMHAWIUNM CEACMMNECKOE MUKDPORSHOMIPOBaHIME ANA O0BLEKTOR rpaxaas:
CKOTO ¥ MPOMBIWNEHHOT G CTROUTENBLCTBA.

Tabn, 41, un. 105, Subnuorp. 235 nass,

PewenaenTsi

M.M. MAHOENLBAYM, E.f. BYFAEB
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BBEAEHWE

OTANMUTENLHON YEePTOR CEMCMUYECKOr0 MUKPOPANoOHYPOBaHWA KaK Bax:
HOW CAMOCTOATENbHOW YACTU UHIKEHEPHON CEMCMONOTUU ABARETCA F0 NPUKMaa:
Hoe 3HaueHwe. B nocnegHee BpemMA B CBA3N C GypPHbLIM Pa3BUTUEM aTOMHOW
aHepreTuky U TPeboBaHUAMN BbICOKON HAaAeWHOCTH, NPEABRBAAREMbIMU K aTOM-
HbiM 3MeKTPOCTAHUMAM, NOABUMACE HEOBX0AMMOCTE nposeaeHUA paboT no
CEMCMMYBCKOMY MUKPOPAAOHMPOBAHWIO He TONLKO B PaiioHaXx C BLICOKOW Cew-
CMUMHOCTBIO, HauyMHaA ¢ 7 6annoB 1 Bbille, HO U B PaAOHaX ¢ (POHOBOMN CeHCMUY-
HocTeio 5—6 BannoB. Kpome TOro, UCKNIOUATEALHO BbICOKUE TemMMbl NpPOMbiLL-
NEHHO-TPAXAAHCKOTO CTPOUTENLCTBA B CEACMUYECKUX PAaMOH3X HAlLeR CTPaHbi
TPebyioT MOoCTaHOBKU pPaboT NO CEMCMUYECKOMY MUKPOPAUOHUPOBAHVIO HA
crone GOABWMX NO NAOWAAK TEPPUTOPUAX, YTO BeiNONHeHWEe 3TUX pabaT He
NnoA CUNYy TONLKO HAy4YHbIM OPraHW3auMAM, Kax ObiNo 3TO CPaBHUTENbLHO He-
pasHo. Tpe6oBaHWEeM CeroAMAWHEro AHA ABMAETCA NepeBOJ, OCHOBHOro 0bbe-
Ma paboT no ceMcMMYECKOMY MUKPOPaNOHYPOBAHUI0 HE NPOU3BOACTBEHHYIO
OcHoBY. OTu OGCTOATENLCTBA 3aCTABAAIOT PaccMATPMBATL AanbHedlee pa3su-
THe CENCMUYECKOTO MUK POPatOHUPOBAHUA 8 ABYX aCnexTax,

C onHOM CTOPOHbI — 3TO CO3AaHWE PEKOMEHAAUWA UNU PYKOBOACTB NO NPO-
BEAEHUID CEACMIMYECKOTO MUKPOPANOHUPOBAHUA Ha OCHOBE anpobupoBaHHLIX
Mmetoauk. C npyroit — 3TO janbHeiiluee DPasBUTUE M COBEPLUEHCTBOBaHUE MR-
TOAOB ¥ NPUEMOB CEACMUYECKOT0 MUKPOPANOHUPOBAHWA HAYUHbBIMUA W U3bl-
CKaTEeNbCK UMY Opradn3aunAam,

Hawwu 3HaHUA O huauKe 3eMNETPACEHUW, O 33KOHOMEPHOCTAX PACNPOCTpa-
HEHUA CeMCMUYECKWX BOMH NPU CUNbHbIX U Cnabbix CeHCMMUYECKUX BO3AEACT-
BUAX U O VX B3aUMOAEMCTBUW C TPYHTAIMU HEAOCTaTOYHLl. K HacToRweMy Bpe-
MEeHU YXxeé CO3aaHbl ONpefeneHHble OCHOBbLI CEICMUMECKOrQ MUKPOPaHoHUPO-
BaHWA, KOTOPbIE CMOryT UCNONb3IOBATLCH W YX€ UCNOMNb3IYKTCA B NpakTike
M3bICKATENLCKUX OPraHu3auuii, HO KOTOPLIE ellle HYXKAAITCA B ONPeAeneHHOM
CUCTEMATU3aUUMN ¥ CTAHAAPTA3ALUUM.

B HayuHO-uccnegoBaTensCckOM niaHe Hanbonee BAXKHBIMM BONPOCAMM CeW-
CMUYECKOr0 MUKPOPAAOHUPOBAHUA OCTATCA BOMPOCH!, CBA3AHHLIE C 3TANOH-
HbIMU FPYHTAMU, C OBGBOAHEHHOCTLHID FPYHTOR, C Pa3BUTUEM U COBEPLLIEHCTBO-
BaHWEM WUHCTPYMEHTAfNbMLIX U PACYeTHsIX CROCOBOR CeMCMUNECKOFO MUKpPO-
paioHUpoBaHKA. HauGonee BaKHbIMWU W NEPCreKTUBHLIMU BONPOCAMM, CTOA-
UWWUMU nepei CerCMUHECKUM MUKPOPaNOHUPOBaAHUMEM, ABARIOTCA BONPOCHI,
CBA3aHHLIE C OLEHKON NapamMeTpoB KONe6aHUi rPYHTOB NPy CHAbHLIX 3emne-
TPACEHUAX, C U3YYEHUEM HENUHENRbIX ABREHWI B FPYHTAX, CONPOBOMAAOLIUX-
CR OCTaTOYHbIMU pedopMauUamMU.

MHOTrohaKTOPHOCTE M CNOXHOCTb ABNEHUW COTPACAEMOCTU, HABNIOAaEMbIX
NPU CUNbHLIX 3eMAETPRACEHUAX, MPUBOANUT K TOMY, YTO A0 CUX NOP PAR MaKpo-
cecMUyeckX 3DHEKTOB He HAXOARUT YAOBMETBOPUTENBHOro OGBACHEHUA.
Tax, wanpumep, npu [06W-ANTaiickoM 12-BannbHOM 3eMIETPRCEHNK BHYTPH
YHacTKOB, OKOHTypeHHbiX 9—10-6annbHeiMU n30cedcTamu, ObIiM  OTMEeuRHs!
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yuactkn ¢ 5—6-6annbHbiMU coTpAceHnamyu. WUccneposannA B 3TOA obnacru,
[OBEeACHHbI® A0 NPAKTUYECKOro NPUMEHEHUA, GVAVT 03HaYaTh NOABEM [)3601'
NO CEACMUYECKOMY MWKPOPAWOHWPOBAHUIO Ha Ka4ecTBeHHO Gonee BhICOKYIO
CTYNEHb.

Bce 3TM BONpOCLI C Pa3snU4HOM CTeneHbrd [eTaskHOCTW Halwnu csoe OoTpa-
KeHue B AAHHOW MoHorpadimn. C 3ToM TOUKYU 3peHUA maTepwan, coaepXautui-
CA B MoHorpadmu, npeactaBnAer cobon 00o6LeHNe, KBUHTICCEHUUIO BCeX
OCHOBHBIX AOCTMXEHWA 33 NOCReAMWE oAbl B 06NacTh CENCMUYECKOTO MUKRO-
paitouunposaduA. CobpaHHei B eguHyld Mororpatduo matepuan Gyger Takoxe
¢nocoBCTBOBaTL  PACWIMPEHUI M yrNyOneHnio coTpyAHMYECTBa MexAy cneuym-

anucTaMun  pasHoro NPoMunA, 3aHUMaKILMMKUCA CEMCMUYECKMM MUKPOPANOHU-
poBaHKEM.




FnaBa 1
CENCMUYECKUE BO3IAERCTBMUA NPU CUNBbHLIX 3EMAETPACEHUAX

OueHKE CeNCMUYECKNX BO3LEUCTBUIN Ha 330aHHOW CTPOMTENLHON NNowasKe
ABMAETCA KOHEYHOW UEenbio No AeTaNbHOMY CERCMUYECKOMY PalQHUPOBAHWIO
U MUKPOpPaloHWPOBaHMIO. PelieHune 3TONW 3aAayu OCYLIECTBRAETCA B peaynbTa-
T€ BbINONHEHUA CNEAYIOWMX ONEPauMA:

1) BblaeneHue NOTEHUMANEHO ONACHbLIX ANA O0BEKTA 30H BO3HUKHOBEHWA
ouaros semneTpAceHnit (zon BO3);

2) oueHKa NOBTOPAEMOCTU 3EMETPACEHUA Pa3NiMuHON Marumvau 8 npeae-
nax Kaxa0# n3 BeigeneHtsix 304 BO3;

3} oueHKa 0XWAAEMbIX 3HAYEHUW NAPAMETPOB CEUCMUYECKHX BO3AEWCTBUIA
H3 OCHOBE YCTAaHOBMEHHLIX IMINUPUHECKW COOTHOLIEHUIA MeXay NapameTpamu
BO3ASNCTENA, MArHUTYR0M M 1 paccTOAHUEM OT UCTOYHMKA, FUMNOLEHTPaNbHLIM
R vnu 3nuileHTpanbHbIM A;

4) onpegeneHue 3aKOHOS pacApefeneHWA BepOATHOCTU 3HAYEHU napamert-
POB BO3AEHCTBMIA Ha MNOWAAKE 33 33AAHHLIA NPOMEXYTOK BPEeMeHW, Hanpw-
MEp CPOK YW3HU COOPY>KEHWUA;

5} KOpPPEeKUWA '3aK0Ha pacnpeaeneHUs BEMWHMUH TAPaMeTpPOB BO3[AEHCTBUA
8 pe3yfbTaTe y4eTa BAWAHUA FPYHTOBLIX YCROBUN u penveda MECTHOCTM Ha
nnoulagKe.

B cooTseTcTBAM C YCTaHOBUBLLIEWCR Tpaauuuen YeTbipe NepBbie Bupa pabor
COCTAaBNAIOT NPEAMET AETaNbHOrg CEACMUYECKOTo MUKPOPatoHNpoBaHuA, a no-
cnegHnit (NATLIM) OTHOCMTCA K CeicmuyecKomy panoHuposanuie. OfHaKo 8 Ha-
CTORLLEE BpEMA 3TO NPaBMIO YaCTO HaPYWAaeTCA, TaK YTO fPW BLINONHEHWM paboT
No CeicMUYECKOMY MUKPOPAUOHUPOBAHUK UCMIONHUTENAM APUXOAUTCA UMETH
REN0 M C ONEPaLUAMM, OTHOCALUIUMUCA K ATafbHOMY CEeUCMMYECKOMY paio-
HUDOBAHVIK),

CeficMrueckoe so3aencTene OGbIYHO ONUCLIBAETCA TaKUMY MapaMeTpamm,
KaK MaKpoceMCMWyYecKan WMHTeHCMBHOCTL (BannbHocTs) /, MaKcuMansHble
BEMWYUHBI aMANUTYA YCKOPEHMIE X, Pexe — KaK CKOPOCTb XU CMeLkeHue X
rpyHTo8, nepuoabl 7 (4actoTel f} MakcvMmaneHbIX KoneGaHuW, npoacm*U-
TeNbHOCTs O haskl MakcuMansHbIX KonebaHui, amnanTyasl cnexTpoB Pypee
F{w) v cnexkTpbl peaxuuy y{w). B pAge cnyyaes TOMHOCTbL ORUCAHUA CEACMM-
4eCKOrO BO3AGWCTBMA BbllENepeuncneHHbiM Habopom napamMeTpoB OKalbiBa-
€TCA HEOCTATOUHOW, U TOrAa CEeACMWYeCKUe BO3AEACTBUA 33A43K0TCA B BuAe
aKceneporpamM, peanbHbIX WMAM MCKYCCTBEHHBIX, PAaCcCYUTARHbIX OnpeseneH-
HbiMu cnocoBamy npu nomowu IBM, B coOTBETCTBMM CO CTPOUTENbHLIMK
HopmamMu u npaemnamun CHuMl [1-7-81 pacueT no akceneporpammam AQJHKeH
npon3BOAUTLCR ANA 0COBO OTBETCTBEHHBLIX COOPYXEHUWA — BbICOTHLIX 3A43HUA,
NAOTKH, BTOMHbLIX 3NEKTPOCTaHunii u T.n. [170].

MporHo3y OXuagaeMbix CEMCMUYECKMX BO3AEMCTBUIA B 3aBUCUMOCTU OT
M, R{A) u rpyHTOBBIX yCNnOBWIA NOCBAWEHO MHOro pabort. B nawHol rnase
Mt gaem KpaTkui oB3op gOCTUXKEHUI B 3TOW o6nacTu,



1.1. AOCTPOEHUE IMIIUPUYECKKX SOPMYN
ANA PACHETA NAPAMETPOB CEWCMMYECKMU X BO3OQEACTBUA

OueHouH“me opMynet, CBA3bIBAKUIME NapameTpsl KoneGanuit rpyHTO8 C
MarHuTYA0N M U paccTOAHMEM 40 UCTOYHUKAE CEWCMMYECKMX BONH (rMAOLEHT:
pansHbiM /7 NUGO 3INMUBHTPANLHBIM A) C YYETOM rPyHTOBLIX ycnoBui (MH-
AeKC S} Ha nnowanke, MHOTOKPATHO OBCYXAaNWCh PasNU4HBIMKM aBTOPAMH
[13, 126, 209]. IpyHToBLIE YCNOBMA OGLINHO 33aRAI0TCA 8 Buae nNpuHapnex:
HOCTM FPYHTa K OAMOW M3 HECKONLKNX BO3MOXHbIX KaTeropuit. Tak, HeKo-
TOptie aBTOPLI NOAPA3AENAIOT BCE FPYHTLI Ha TBEPAbIE U MArkue [204).

PopMynsl NONYYAIOTCA B PE3yNbTaTe anMPOKCUMAUNMN 3KCNEPUMEHTAaNBHbIX
AaHHBIX NPOCTBIMW MaTEMaTUMECKUMM BbIPAXKEHUAMK, BbIGMPAEMbIMY 10BOMb-
HO npow3sonsho. Onwwem 3to noapobuo. O603HAYMM CUMBONOM 2z napameTp,
3HaYeHNA KOTOPOro TpeByercA OUWeHWTb NO W3BECTHbIM 3HaveHuAam M, A, s.
CobpaHHble aKcnepumenTansHble pamubie §2;(M;, R; s;), i=1, N coaepxar
Habop 3HaveHud Z;, U3MepeHHbIX NPKU M3BECTHLIX ycnosuax My, R;, s;. WKaexc
/ B KaXAOM cryvae 0603Ha4aeT NPUHAANEXHOCTb FPYHTA B TOYKe, rae Boifo
npon3BeeH0 U3MepeHue NapameTpa Z, K OAHOW U3 kaTeropui. JlaHHbie annpo-
KCUMUPYHOTCA NapaMeTPUYECKUM BhiDaXKEHUEM

Z;{My, Ri s = FAM, Ry, s, by, ba, .., by}, (1.1}
rae £ — dyHKkumA nepemeHHbix M, A, s. OHa 3asvcuT oT HaBopa napameTpos
by, ., by, Bua napamMeTpuyeckoro BbIpaXewuA F NacTynupyeTcR asTOPOM

A0 COMOCTaBfeHWR € AaHHsIiMW. Npu conocTasneHun ¢ A3aHHLIMK, 3IHAYEHVA
napameTpoBs, MNOAHOCTLIO ONPEAENAKLLME aMNPOKCHMUPYIOWYO hyHKUMIO £,
noabrparTcA Tak', YyTo6bl MUHYMMIMPOBATL CYMMY KBAaApaTOB OWWGOK an-
npokcumaunu AF;. Owunbkyn, KaK NPaBsMRO, BLIYUCIAKTCA ClEeAYOWUM 06-
pasom:

AF;=2; (M, Ry, s F(M;, Ry, s), i=1, LN (1.2}

Wccneposanve 4acToTHOro pacnpejeneHuUA 3Ha4eHUIA OIMBOK NO3BONAET
BbICKa3aTh NpPenBapuTenbHOE CYXKAEHME O TOYHOCTM anfpoKcumMaumMu. Tak,
Hanpumep, owunbku AF; swipaxenwa (1.2), annpokcumupyloulero 3asucu-
MOCTb MaxcuMMansHbIX yckopeHui ot M, R, s, 8 80% cnyvyaes He NpPeBOCXO-
aat1,7.

MonyuexHan 3asucumocte F (M, R;s) mMoxeT BbiTh HCNONL30BaHA ANA TPY-
6oV OueHKW NapaMETPOB 2 O>KUAAEMOrO CeMCMMYECKOrO BO3AGNCTBUA C U3-
8eCTHOWM MafrHUTYygon M n paccToAHMeM A unu A 40 NNOWAAKK, ANA KOTOPON
NPOV3BOAMTCA OLEHKA C YYEeTOM FPYHTOBbIX YCNOBUI1 Ha nnowaake. Mpu atom
rpy6aA oOueHKa TOUYHOCTU BLIYUCNEHWA NapameTpoB MOXET OGbiThb NOAyYeHa
Ha OCHOBE WHopmauwyn o6 owmbkax annpokcumauum AF. Ecnu sennunHa
OWKWBKN annpoKcUmaumu 3KcnepumMeHTanbHbiX gaHHblx AF; 8 95% gnyvaes
He npeBbIllana HeKOTOPOW Benuumibl P, MOXKHO HAAEATLCA Ha TO, 4TO OLEH-
KW BO3MO>XHKIX 3HAu4eHUII NapameTpoB NPU OXUAAEMOM 3eMNeTpAceHun Gy-
AYT 06NnasaTe TO e TOYHOCTHIO, T.e. fnpu oueHuBawum 8 95 cnyuyaax n3 100
ouwnbka He 6yaeT npeeocxoanTsb &,

Hecmo‘rpa Ha 3HAaYUTENbHYH npuBneKaTenbHOCTe ¥ NPOCTOTY 3MNNPUYe-
CKMX OUEHOK, OHW OBNAAAINT PAAOM CYLUECTBEHHbIX HEAOCTATKOB, BO3HWKalD-
W MX NO Pa3HLIM MPUYUHAM.

MepBON NpPUYMHON ABNAGTCA OTCYTCTBUE AOCCTATOUMOIO KOMWYECTBE vucxog-
HbIX 3KCMEPUMEHTanbHBIX AaHHbIX. B nHambonee u3yyeHHbix padodax CWA
fiNoHUM cOBpaHHBIE AaHHbLIE COCTABNAKT He Gonee HECKOMNBKUX COT aKcenepo-
rpamm. (Axceneporpammst ABSIAIOTCA OCHOBOW ANA BbIYUCNEHUA BCEX onp-

! CKA3aHHOE HIKE HE OTHOCUTCA K YPEBHEHWH MEKPOCEACMUYECKOro NAnA,
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CbiBaeMbIX HWKe NapameTtpos Konebauui.) Okasvisaetca [204], yro cyuwiect-
Bywowan cerk ctaHuuin CLIA (370 e OTHOCUTCA M K 3anuCAM, NpoussegeH-
HbIM B ANOHWUKM) pervcTpUpyeT B OCHOBHOM YCKOpeHWs KoneBanuh oT 3emne-
TPACEHW GOMbLICI MArHUTYAbI Ha GOMbLWNX PAaCCTORHURX OT UCTOMHKKA, Nubo
ycKopeHua KoneGaHuit OT 3eMASTPRCEHUA Manoit MarHuTyabl BGNU3U UCTOu-
HuKa. [laxxe npyn camon rpy6oi KnaccuUKayun FPYHTOR OpraHu3auua BbIGop-
KW R3HHbIX, 3aMTUCAHHBIX NPW 3eMNETPACEHUAX ¢ ORWHAKOBLIMU M 1 A Ha pa3-
NUYHbIX FPYHTAX, MONTU BCErfa HeBO3MOXHA U3-33 OFPaHUNYEHHOCTY 3KCnepu-
MEHTaNbHbIX AaHHLIX. B yacTHOCTW, aHannanpyA wabop pauMbix CUHIA, Max-
Tyaiip [204] noKasan, 4To 3anucu koneGaHWMiA Ha MRIMKUX FPYHTax B CPEAHEM
NONyYeHbl Ha BONBLIVX PCCTOARMAX, 4eM 3anncu KonebaHnit Ha TBepAbIX
rpyHTax. o3TOMy KONWNECTBEHHBLIM aHaNW3 AaHHbLIX C UENblo pasgencHuA
BNMAHWA Pa3NUYKLIX GEKTOPOB 3aTPYAHEH, ecAk BOOGLILE BOSMOXKEH.

BropanA npuuMHa CBA3aH8 C HEAOCTaTKaMW UCTIONL3YEMOro MeToRa NOCTpoe-
HUA IMnupuueckux dopmyn. Kaxaeii uccnegosaTens BuibnupaeT MHANBUAYANL-
HO@ ANNPOKCUMUPYIOILEE BLIDIXEHNE K MHAMBUAYARLHLIE HAbOP 3KcnepuMeH-
TanoHeIX AaHHbIX. [IpU 3TOM CpaBHEHWe KauecTBa pasnuuHbIiX GOPMYN CUNbHO
3aTPYAHAETCA.

B pesynsTaTe ANA KaXAOr0 U3 NapaMeTpoB, NPEACTABMAIOWUX UHTEPEC ANRA .
WMHKEHEPHOW CEeMCMOROrWW, B DAHOW TONbKO aMEPUKAHCKOW nuTepatype npu-
BeAEHO A0 AECATU pasnuuHeIX dopmyn. [Mpu aTom NpousBopuMbIe HA OCHOBE
aHanusa Kaxaoit u3 copmyn ana F (M, R, s} 3aknioueHuA, 06 OTHOCHTENBHOM
BAMAHMN MAFHWTYAbLl, PACCTOAHUA M TUNA FPYHTOB MOryT CYLLECTBEHHO pac-
XOAUTHCH.

Mpexgae 4eM pe3ynbTaThl UCCREAOBAHUA MOXHO OyfieT IUPOKO WMCRONL3O-
BaTh B NPaKTUKE AETANLHOTO CEHCMUYECKOrO PailOHMPOBAHUR W MWKPOPaRo-
HUPOBaHNA, HeoGXoAUME [AOMOAHMTENLHAA PaboTa MO CUCTEMAaTHIAUMU IMNU-
pudeckux dopmyn, nonyueuHsix B ClIA, Anonun u Wrtanmu. WAcnonssosaHue
opmMyn, nonyueHHbIX ANA MHbIX PErMOHOB B NPaKTHKe COBETCKMX pabor, As-
NARETCA BbIHYXAGHHLIM BBUAY OTCYTCTBUA B Halel cTpaHe HeOOXOAVMOR WH-
CTpyMeHTanbHOU uHdopMaumm,

B HactoswMit MOMENT no6aR M3 MHO OYMCNEHHbIX (GOPMYN MOXET ObiTs
WCNOML3OBAHA TONLKO ANR OPWEHTUPOBO4HbIX OleHok. Mpwr BbiIGope dopmyn
NPeANOYTEHWE OTAABANOCE BbIPAXKEHNAM, NOMYYeHHBIM B pe3ynbTate aHanusa
Bonsworo obvema aarHbiX. B OCHOBHOM 3T0 gaHHbIe No 3anasHoit vactu CUA.

FoBopA 0 6annbHOCTH, MOXHO OTMETWThL CYLLLECTBEHHO Gonbluyio obecrneden-
HOCTh A3HHLIMM, KOTOPad MO3BOMAET PEKOMEHROBaTh PeruOHafbHblE 3aBUCH-
moctu [126].

1.2. PESYNbTATHI AHAIIU3A IKCTIEPUMEHTANBHBIX AAHHLIX

HHrencuenocTs cotpacenud, B pesynbTaTe aHanu3a MakpoceWcMudeckmx
AaHHBIX ObINK MOAYYEHbI IMNUPUYECKUE COOTHOWEHWA, CBA3LIBAOLIME MaKpO-
CeMCMUYECKYH) WHTEHCMBHOCTh, U3MepAeMylo B Bannax cefCMUMecKoW wkKa-
nel MSK-64, ¢ MarHutypoit 3emnerprceHun M., rnybuxoit ouara /1 n anu-
UEHTPanbHLIM paccToAHWeM A. 3Ty COOTHOWEHUA OTHCHIBAOTCA TaK Ha3biBae-
MbIM ypaBHEHWEM MAaKPOCEWCMU4YeCKOro nonaA, umeloL M cneaylousui o6-
winn Bua:

’=blMLH_b1 |9\1 A2+h2+b3, ‘13)

3HaueHnn napameTpos by, b, U b3, paznpUuHbie ARA 30H C Pa3HbIM TEONIOrKYe-
CKVM CTPOGHNEM, NpuBeaeHs! B Tabn. 1,1, aanmeTaoBanHok us paboter {126].
dopmyna (1.3) He yuurbiBaeT BAUAHWA PYHTOBLIX YCNOBUA HA MHTEHCMB-
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TaGnuya 1.1

Koadbuuuente! yp Makpocev )ro nonA

Peruow b, b, b,
Kapnare! 1.5 3,5 3,0
Kpbim U HuxHAA KyGanb 15 35 3,0
CenmepHbin Kaskas 1.6 3,1 2,2
Rarecran 1.5 3.6 3.1
Jaxaskaszse 1.4 35 4,2
Asepbaigxan 1.4 35 3,5
3anagnaa TypxkmeHuA 1,5 38 3,0
CpeaHAn A3uA u Kazaxcraw 1.5 3,5 3.0
AnTaid u CaAHbl 1.5 35 3.0
Npubaiikanse 15 4,0 4,0
AxyTuA u Cesepo-BocTok 15 35 3,0
Npumopse U NMNpuamypee 15 35 3,0
0. Caxanuu t.6 4,3 3,3
Kypunsckue o-8a 1,5 45 45
Kamuarka 15 2,6 25
YykoTka 1.5 35 3,0
ApKTuueckuin Baccenn - - -
BantuAcKkud wur 1,5 35 3,0
Esponeitckan vacts CCCP, Ypan u 3a- 15 35 3,0

nagHan Cnbups

HOCTL cOTpAceHWid. MPUHATO CYUTaTh, YTO B GONLUIMHCTEE CNy4aes BenuuuHa
GaNNLHOCTM, BbIYUCNEHHAA NO 3T0W GOpPMyne, COOTBETCTBYET WUHTEHCUBHOCTH
COTPACEHU! Ha CPeAHUX MO CeVCMUMECKUM CBOWCTBaM TPYHTax, Tak Ha3biBae-
Mbix FpyHTax |l kateropuw, 8 cooveetcrsuv co CHulT {1-7-81. YcraHoBneHue
6anNbHOCTY B 33BMCUMOCTW OT FPYHTOBBIX YCNOBUN MOMeET OPUEHTUPOBOYHO
NPOM3BOAVTLCA B COOTBETCTBAV C Taba. 1.2, cooTsercrsytowed 1a6n. 1 CHull
H-7.81 [170]. :

OueHka 6GannsHOCTU NO3BONAET COBEPLUUTL Nepexos K OfpejenieHulo pac-
YeTHOW ceicMuyeckon Harpysku. CeiicMUuecKan Harpyska Sg;;, Bbi3biBaeman
i-M  TOHOM COBCTBEHHbIX KONeBaHui CoopyeHUA B TOUKe K, BLIYWCIIAETCA
no dopmyne [170]

Soix = A ABKy i, {1.4)

rae Q; — BeC COOPY>KeHUA, OTHECEHHBIH K TouKe k; B; — KoaduumeHT anHa-
MUNHOCTH, COOTBETCTBYIOWMA /-MY TOHY COBCTBEHHbIX KonebBanuit; K v K03th-
DUUMEHT, BbIBUPEEMbIN B 3aBUCUMOCTH OT KOHCTPYKUWWA COOPYXEHUR; T —
Ko3thhuLMeHT, 3aBMCALLMA OT (HhOPMbI AedOPMaLUA COOPYKEHVA Npu ero cob-
CTBEHMbIX KonebaHMAxX Mo /-My TOHY ¥ OT MecTa PacnoNOXeHWA Harpysku,;
A — KoaduuneHT, 3HAYEHNA KOTOPOro cheayeT npuHyMaTh pasHbimu 0,1;
0.2; 0,4 cooTBETCTBEHHO ANA PAacYeTHOW ceidcMuunocTu 7, 8, 9 Bannom. Atu
3HAYEHUA YUCNEHHO PaBHbLi CPEAHMM BEMUYUHAM MaKCHUMANbHBLIX YCKOPEHMi,
U3MepeHHbIX B AORAX ¢, oxvAaeMblX Npu 7, 8 n 9-6annbHeIX COTPRCEHUAX 8
COOTBETCTBMI C NPOEKTOM ceilCMuYeckomn wxanet 1973 r,

Crnenyer OTMETUTL, 4TO ONPEAENeHN#A CeMCMUYBCKNX HArpy3oK, BsINONHEH-
Hble 8 cooTBercYBuu ¢ ykasaHuamu CHull 11-7-81, npon3sogaTca ana pacteTa
Ha CeMCMOCTOMKOCTb 3aaHWMIt U COOPYXKEHWA MACCOoBOW 3acTponkiu. AnA ocobo
OTBETCTREHHLIX COOPYXEHMA, KaK Yie YKa3ssiBanoce Bbiwle, TpebyeTcA BXOX-
HaR ceMcMONOruYecKan HGOPMauMA B BMAe aKceneporpamm unu Habopa Ko-
NUYECTBEHHbIX NAPAMETPO8 KoNebaHui.
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TaGnuua 1.2
CeltcMUNHOCTE NNOWAAKU CTPOMTENHCTES 8 38BMCUMOCTA OT FPYHTOBLIX YCNOBUA

KaTteropun

FpyHT

CeitMUYHOCT L MNOWAAKW CTPOUTE b-
CTBa NPU CENCMUYHOCTU paioHa, Gin-
At

CKanbHble rPYyHTeE 8CeX BUAOB (8
TOM WMone BeYHOMeD3NbIe W BeyHo-
Mep3nsie 0TTaRBLKe} , HeBbIBETPE-
nbie u cnaBoBbIBETPENbIE; KPYTHO-
0BNoMOUNLIE FPYHTbI, NNOTHbIE, Ma-
NOBNaXHbIe, U3 Mar MaTU4ecKux no-
pog, comepxauiue a0 30% necyaHo-
FAUHWUCTOTO 3aNONHUTENA; BbiBeT-
PENkIe U CMNLHOBBLIBETPEMBIE CKANb-
HbIE U HECKANbHbIE TREPAOMEP3NbIE
(BeyHOMEpP3NbIe} FPYHTBE DU Tem-
nepaTtype —2°C # HWXe Npu CTPOU-
TENLCTBE U IKCNAYATaUUU N0 NPUH-
uuny | {coxpaneHne rpyHTos OcHO-
BaHWR B MEP3NOM COCTORHUNW)
CKanbHblie FPYHTH), BbIBETPEnble U
CUNILHOBLIBETPENbIE, B TOM YuCne
BEUROMEP2N&I@, KPOME OTHECEeH:
HbiX K | KaTeropuu; KpynHooano-
MOUHGIE FPYHTbI, 38 UCKITKOHEHUEM
OTHECeHHbIX K | KaYeropuu; nec-
KW FDABEICTBIR, KPYNHbie ¥t CPea-
HER KPYTHOCTH, MNOTHBIE U CPeA-
Hell NMOTHOCTU, MBNOBNAXHbIE 1
BNamHb1e; NMECKU MENKWUE U Nbine
BaTHIE ¥ CPERHeN MOTHOCTU,; Ma-
NOBNAKHDBIE, FNUHWACTLIR FPYHTL)
¢ MOKa3aTeneM KOHCUCTEHUUN
/1 < 0.5 npu ko3 dpuyuerTe no-
puctoctu [ < 0,9 — anA rAvH U
cyrannkos v / < 0,7 — anA cyne-
ceit; BaYHO MEP3INbLIe HECKaNbHLIE
FPYHTHI, NNBCTUHHO MEP3NbIE UK
ChiNyHEMEeP3Nble, 8 TAaKKe TBEPAO-
Mep3nbie NPy TemMnepaType Boluwe
—2°C NpyW CTPOUTENLCTBE W 3KC:
ANYaTaunuy No npuHuuvny |
Mecky phixnble, HE3ABUCKMO OF
BNAXHOCTU U KPYANOCTW; NECKU
TPAaBENUCTbIE, KPYNHBIE U cpea-
HeW KpYNHOCTYU, ANOTHLIE U CPRA-
Helé NNOTHOCTH, BOAOHACLHEHHbIE;
mecK MenKue ¥ nNeinesatsie, NNOT-
Hble ¥ CpeaHel NAGTHOCTY, BNax-
Hble Y BOAOHACHILIEHHLIE, FAUHUC-
ThI€ FPYHTLI € NOKA3ATeNn &M KOH-
cucrerunn f; > 05; rauHucTble
FPYHTB! € NOK33aTeNnaM KOHCUCT eH-
uwun /; < 0,5 npu Ko thuumnenTe
nopuctoctu [ > 0,9 — ANR rAKK ©
cyrnunkos u! > 0,7 — anA cyne-
cet; BEUHOMEPANGIO HECKaNLHbIE
FPYHTbI NP® CTPOUTENLCTBE U 3KC-
nnyatayuu no npuHuuny 11 (aony-
WerRne OTTanB8aHuR rpyHToB OCHO-
BaHWA}




Makcumansmsie ycKOPEHUA Xmax U CKOPOCTU Xmay KONEBAHUUT 2PYHTA.
Ase cneaywouLve opMynel Nnpusenetnt B pabore [209):

1085 %,qx = —1,02 + 0,248M, — 0,00255V; — log Y, , (1.5)

rae V, = (0% +53,20)%; 50<M<77;
l0g X%,y = — 0,67 + 0,489M; — logV, — 0,00256 V, +0,17s, (1.6)

rae V, = (d?+16)"; 53<M<74; s=0 gna cKanbHbIX rpyHTos, s =1 anA
PLIXABIX FPYHTOB, Xhax — NMKOBOE FOPU3OHTANLHOE YCKOPEHWE, W3MepeH-
HOE B AONAX §; Xhax — NVIKOBAR rOPU30HTanuHaR CKOPOCTL B cMm/c; d — Bau-
Xaiwee pacCTOAHUE AO MNPOEKUMKM OYara Ha NOBEPXHOCTb, M3MEPEeHHoEe B KM,
a M=2/3logMy, ~ 10,7, rae M, — cedCMUYECKUA MOMEHT, U3MepeHHbIt B
AMH - cM. OnA rpyBbiX OUEHOK, NPOM3BOAUMBIX NpU nomown dopmynet (1.5),
MOXHO MOAOKWTDL {1 PaBHbIM M7, 38 d PaBHLIM 3NUUEHTPANLHOMY PACcCTOAHMIO,
XOTA 3TO CHUXaeT TouYHOCTh diopMmyn. UHaexc a B opmMynax noayepkusaer,
4To HOPMYAibl ABARIOTCA aNNPOKCUMaUWeR peansHbiX fAanHbiX. CpeaHwe 3Ka-
. 4eHMA NOrapuhMoB DTHOLWEHWIA BENUYUH Xmay W X mgx, ONPEAENEHHRIX 3KCAe-
PMMEHTaNeHO, K 3HAYEHWAM 3TUX BENTMYMH, BbIMUCNEHHBIX NO annpPoKCUMUPYIO-
wum hopmynam 1og (X3 ax X %ax) 1 10g (X nax/X fhax) . cOcTaBNAIOT 0,26 w 0,22
COOTBETCTBEHHO.

BORBWKWHCTBO IKCNEPUMEHTANbLHBIX AaHHBLIX, PACCMaTPUBAEMbIX NPW annpo-
KCUMaLKUKW, MONYYEHO HA PACCTOAHMAX, NPEBLIWAWNX (MHOTrAa 3HAYUTESLHO)
pasmMepbl UcTouwuka. Mpu aHanu3e axceneporpamm, 3anucakHuIX B Henocpea-
CTBEHHOM ONW30CTU OT Pa3pbiBa HA PACCTOAHUAX, MEHLLIUX Pa3MepoB UCTOY-
HUKE, UCTOUHUK YiKe He MOXKET PacCMaTPUBATLCA KaK TOUYEUHbIA U UMEeT CMbICH
paccMaTpuBaTh PacCTORHWE OT TOYKU HAbNIOAEHWA A0 GhMKaiwero yvacTka
pazpeisa. ANA 3anuced, nNpou3BefeHHbIX. B 370N 06GnacTw, Gbiny nocTpoeHs!
rpadbvKu pacnpeaenednA MaKcuMansHbiX HabniogeHui yckopewuin, (O6paba-
THIBANUCHL 3anucy Konebauuit, NONy4eHHbIX B OCHOBHOM Ha OBAOMOYHBIX M
PhIXMbIX NECYAHO-TMIUHNCTLIX TPYHTaX. [laHHbie 0 MAKCUMAaMbHbLIX YCKOPEHHAX,
OTHOCALLWECA K Da3HbiM ee 3eMNReTPACEHMAM, Gbinu pasgeneHsl NO MarKuTy-
[1aM ¥ PAacCTORHWAM Ha 5 rpynn:

Homep rpynnb My A, XM
1 5 10
2 5-54 15
3 5,5-59 20
4 6--6,4 30
5 6,5 50

Kpveble pacnpeaeneHnA amnnuTys MaKCuManbHbiX YCKOPEHUH npuBeaeHb)
Ha puc. 1.1,8. TMpu MCnonb3oOBaHAU KPMBbLIX MOABNAETCA BO3MOXHOCTL OUEHKM
BEPOATHOCTW MOMNaAaHNA BeNUUMHLE MAKCUMANbHOTO YCKOPEHWA B onpeaeneH-
HoId WHTepBan 3HaveHnwin. OaHako Bonpoc 06 yCTOWYMBOCTM pacnpeaeneHui
TpeGyer AonNonHUTENnbHbLIX MccneaoBaHui, NposeaerHsle aBTOpPaMKU ConocTagne-
HMA KPUBLIX pacnpeaeneHua, nNOCTPOeHHLIX pa3fenbHO AnA 3anaga CIA u
{OxkHOW EBponbi, CBMAETENLCTBYIOT O CYLUECTBOBAMMM pervoHanbsHbiX pPas-
AnvKiA,

Jfpdexruanan dnurensHocTs npouecca konebaxul. B celicMONOrnveckomn
NPaKTKe NPUHATLI PasNuyHble Cnocobbl ONPeseneHUs ANUTENLHOCTH Koneba-
HUH. HexoTopbie agTopsi Npeanarany onpefenATs AAUTENLHOCTL YYacTKa 3anuch
¢x>0,05. B nocneaHve rofbl B WHXEHEPHOW celicMonorMm Hanbonsuiee
PacnpoCTpareHne NONYHYAN CNOCOS OUeHKWM ANUTENLHOCTH, CBA3AHHOW C onpe-
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P uc. 1.1. PacnpeaencHue MaKCMMansHbIX aMNAUTYA yCkopeHwit (2) u nporonxmvTtensHoc:
v KoneGaKrin (6] anA seMneTpACEHMil PA3NUYHBIX MArHKTY S
a: 1 - ML < 5; 2-,5 iML <b5; 3-565 (M‘L < 6,0;4-—-6,0<ML<6,5;5—6.5 [

<ML: 6:1--M'L <5; 2— 5,0<ML <6,0; 3_6'0<ML

aenexHuem aveprun konebanui. Tak, TpudyHak v Bpaan [226] swiuucnanu
BPEeMEHHYI0 DYHKLUI:
f .. rd .-
hith= f x2(e)dt/ [ x*{t)dt”, {1.7)
0 0

rae x {t) — yckopeHnue xoneGaHui; tz; — nONHaA ANUTENbHOCTL aKCENEPOrpaM-
Mbl, a BPEMA t OTCYUTBLIBABTCA OT Havana zanucw. ®yxxkuus h {t) AsBnReTCA
Mepou 3Heprun KonebaHWid, 3aKMONEHHBIX BO BPeMeHHOM wntepBane (0, t}).
ABTOpbl BbIGMPAanNK VHTEHCMBHBLIA Y4aCTOK 3anvcd, ONpeAenAn ero Ha4ano I
ycnoeuem A (t() > 0,05, a koHey t; — ycnosuem #h {t,} < 0,95. B npeaenax
aTOro y4actka cocpeaotoveHo 90% 3IHepruu konebaHui. AnuTenbHOCTb 3TOrO
y4acTka 3aMCH, KaK OKa3anock, CBA3aHA C NOKARbHOW MarHuTyaoin My, anu-
UEHTPanbHLIM PacCTOAKMEM U TUNOM TPYHTOB B8 TouKe HabnwodeHus Bbipawe-
HUeMm: :

D% = bys+ byMy + byA. ' (1.8)

3peck D ~ ANMTENbLHOCTb MHTEHCMBHOM YacT KonebaHuid B8 cexyhnaax. Mepe-
MeHHaA § NPUHUMaeT 3Havenua 0, 1, 2 ANA pbIXNbIX, CPEAHUMX U TBEPAbIX PYH-
TOB COOTBETCTBEHHO. 3HauYeHWUA NapameTpos Ay, by, b3 pa3nuualoTcA, no MHe-
Huio TpudyHaka, ANA BEPTUKANLHON U FOPU3OHTANbHON KOMMOHEHT ABUXEHUA.
3Tn 3HaYeHUA NpuBegeHbl HAXKeE, TAe TaKkXKe NPUBEAeH CPeAHEKBaAPaThHYeCKue
OTKNOHEHUA A3HHLIX 0 OT aNNPOKCUMMPYIOWei Kpuaoi (1.8) :

KomnosenTa b, b, b, o, c
BepTUKkanbHan 6,29 2,90 0,172 10,89
FopraoHTansHan 4,88 2,33 0,149 10,67 ¢

BO3MOXHO, 4TO pasfeneHvMe AaHHbIX Ha 33MWCK TOPU3ONTAaNbHLIX W BEPTM-
KaneHbiX KOneGaHunm He NOBLILIAET TOMHOCTA opMyn. ONpasaaHHOCTL TaKOro
pasaeneHuWA HeROCTaTOYHO OBOCHORAHA.

PacnpegeneHue ANUTENBHOCTU, NOMYUYUEHHOE B PE3YNbTaTe aHaNU3a 3IKCNepu-
MEHTaNnbHbIX AAHHEIX, COBPAHHbIX B HENOCPEACTBEHHON BAM3OCTU OT UCTOYMU-
ka [76], npuseaeno Ha puc. 1.1, 6.

3aBMCUMOCTb NPOACIKUTENLHOCTU KoneGanni Dy s, oueHeHHoN ANTyKaesbiM,
OT MarHuTYabl My Vi CUTOUEHTPANbHOIO PacCTOAHUA A ONUCLIBAETCA 3IMNAPKN-
4eCcKoN GopmMynon:

logDq s =0,2M; +0,58T0g Ry + C1 + C7, (1.9)
KOHCTaHT2 C{ onNpeaenAeTcA rPyHTOBLIMKU ycrnoBuamy. AnA rpyHToe il karero-
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pum €y =0, ana H| kateropun C{ =0,15 n ana | kareropun C{ =—0,15. KoH-
cTanTa C; 3aBACUT OT MEXaHU3Ma O4ara W CTPOeHWA cpeAkl U B CPeAHEM paBHa
—1.,3. Cpeaneksaaparuyeckoe oTknoneuve o, = 0,2 nor.ea.
AmnnuryOnsie cnexTpsi Dypse. HaubBonee npoctoe BuipakeHwe NPUBEAEHO
8 pabore Max-vaitpa [204].
3HaveHne amMnNaMTyaHoro cnekTpa FS (w) (cm/c), sbiwmucnremMoro no akcene-
porpamme
td
FS(w) =1 x{t)e'’dt|, {1.10)
0

CBA3aMHbl C NOKAanbHOW MarHUTYAO#W My, TMNOLEHTPAnNbLHBLIM PACCTORHUEM A U
TUNOM FPYHTOBBLIX ycnosuid (Y, =0 aAnA Teepabix FPyHTOB, Y =1 ANA Bcex
OCTanbHbIX FPYHTOB} COOTHOWEHUEM:

FS®(w) =explby + byMy + by Y )R, (1.11}

rae 3HadeHnA by, b,, b3 BhiuucnaTCA antA 24 3HaYeHUA NEPUOAOB B UHTepBane
(0,4-5 c}. BoluucneHHble 3HaYeHUA U CDRAHEKBAAPATUYECKOE YKNOHeHue
IKCMEPUMEHTANLHBIX AAHHBIX OT BenuunHsl In FS2 (T) npusepeHs) B Tabn. 1.3
CnexTpsi peaxkyuy. 3aBUCUMOCTb NUKOBOro 3HauednA peakunn |y (¢)|max
NIMHERHOrO rapPMOHUYECKOrO OCUMANATOPA C 3aAaHHLIM 3aryxaHuem £ Ha

akceneporpaMMy X (t) OT COBCTBEHHO 4acTOThl OCUMANATOPA (W HAaILIBABTCH
CNEeKTPOM peakuun. YpasHeHWe, aNUChIBaKOLLee PeaKuMID OCUUNNATOPa, UMeeT
BuA

y () + 2woky (1) + wdylt) = x (¢). {1.12)

3aBNCUMOCTS |Y] max OT W, BBINUCNEHHBLIE ANA Pa3NiNYHbLIX 3HaYEHWR, 06pa3sy-
10T CEMENCTBO CNEeKTPanbHbIX KPMBbIX. CnexTpst peakuymn MoryT 6biTe UCNONL-
30BaHbl ANA 0BLACHEHWA NOBBAEHURA CTPOUTENbHLIX COOPYXXEHUH NOA AeNCTBMEM
cecMmUecKnXx Bo3aencTeuniA (M., Hanpumep, {229]).

Mbl  npeanaraeM  UCNONL30BAaTb OAMY W3 npocTedwux gopmyn [201],
CBA3LIBaIUYI0 MAKCMMYM NCEBAOCKOPOCTH (ONpegenfemMoli COOTHOLWEHMeM
PSV{wg, £)=woly (tmax OCUMANATOPA [AHHOW 4acTOThl W 3aTyXaHUA ¢C
MarHuTyAown M; U pacctoAHuem A Ao NAOWAAKW, rae NPOU3BOAWTCA oueHka) .
MpeanoxeHHoe anNPOKCUMUPYIOLLEE BbiPaXKEHUE MMeeT CriefYKLWWNA BuUAa: R

PSV? (we, £) = by 1022 ML (A + 25) 03, ' (1.13)

3HaueHnA koatihrumeHToB by, by, b3 3a8BUCAT OT ¥acToTbt ocumnnAYopa (unau
nepuona Ty} v 3aTyxanua £. B TaBn. 1.4 npuseeHs 3HaueHNA KoIdHpULMEHTOB,
1BBIMMCTIEHHBIE ANA PA3MWYHBIX 3HAYeHUA NEPUOAOB W 3aTYXAHUA, 3 TaKKe Cpea-
Hee 3HaYeHue OTHOCHUTENbHON OINGKK

PSVPXCT (50, £) — PSV® (wg, £}/ PSV® (wy, ).

B paBote [13] npuBedeHbl CREKTPLI MAKCMMAaNbHLIX YCKOPEHUA OCUUNNATO-
pos (T.e. 3Hauenma |y (t}|m ax AMR KaXKAOW 4aCTOThI NPU M3BECTHOM 3aTyXaHuu) ,
nosiydeHHble YCPEAHEHWEM CMeKTPOR, NO 3aMUCAM, NMPOU3BEAEHHLIM B GAvXKHeN
v aaneHenh 3oHe [2]. 3Tk cnekTpbl n3obpaxedbl Ha puc. 1.2.

CB8A3s UHTEHCUBHOCTU | C NUKOBHLIM YCKOpEHUEM KOﬂe6aHUuXmax. Mo-
BMAMMOMY, NUKOBOE YCKOPeHMe He ABNABTCA YYBCTBUTENLHLIM MHAWKATOPOM
MAKPOCENCMUUECKON UHTEHCMBHOCTM 3EMNETPACEHUA. T0 XKe CAMOe OTHOCUTCA u
K BennyunkHe cpeguexsap,pamworo YCKOPEHUA, KaK 3TO YCTAHOBAEHO B HEKOTO-
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Ta6nwua 1.3

3Ha koacdr TOB ypaRt {1.11)

T, ¢ by b, by b, %InFS
0,04 -3,18 -0,90 -1,20 -0,43 1,26
0,05 —1,59 0,75 -1,21 —0,3t 117
0,06 -0,47 0,73 -1,23 —0,48 0,95
0,08 -0,47 0,92 -1,33 —0,43 1,07
0,1 -0,02 1,04 -~1,37 -0,70 0,98
0,13 0,62 0,81 -1,07 —0,49 0,96
0,17 1,06 0,92 -1,23 -0,42 0,89
0,2 0,35 1,01 -1,11 -0,45 0,92
0,24 0,80 0,99 ~1,19 ~0,12 0,86
0,3 0,82 1,02 -1,22 0,02 0,86
0,34 0,64 1,05 ~-1,16 —0,02 0,93
0.4 1,04 0,88 —0,97 -0,13 0,90
0,5 0,05 1,09 -1,11 0,25 0,91
0,6 -1,03 1,16 —0,96 0,39 0,82
0,8 —1,03 1,04 -0,75 0,36 0,92
1,0 -1,24 112 -0,89 0,68 0,91
1,3 -1,84 1,08 -D,69 0,60 0,91
1,7 —2,565 1,32 -0,85 0,31 0,98
2,0 -3,4 1,44 -0,89 0,53 1,00
24 —3.00 1,23 —0,65 0,38 1,06
3.0 -2,64 1,00 —0,46 0,35 1,03
3.4 —2,57 1,08 -0,56 0,31 1,11
4,0 ~-3,93 1,28 —0,59 0,30 1,00
5,0 ~3,36 1,20 -0,61 0,32 1,11

Tabnnua 14 .
3uauennnA NAPEMETPOB b, , b ,, b, ¥ OTHOCKTEALHOR owubiw hopmynw (1.13)

- OTHOCHTenbHAR
T= 21/, ¢ b, b, by . ownbKa
3aryxaHue £ = 0,0
0,1 11,0 0,278 1,346 0,941
0,5 3,05 0,391 1,001 0,636
10 0,631 0,378 0,549 0,768
2,0 0,00768 0,469 0,419 0,989
50 0,0834 0,564 0,897 1,344
3aryxaHue £ = 0,05 .
0,1 10,09 0,233 1,341 0,651
05 5,74 0,366 1,197 0,591
1.0 0,432 0,393 0,704 0,703
2,0 0,122 0,466 0,675 0,941
5,0 0,0706 0,557 0,938 1,193
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P v c. 1.2. Cpearne CneKTpbi MaKcuManbhbix yckopenwi ly (thmay ccuunnAaTopos ¢ aa-
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P uc. 1.3. UnTerpansiuie pacnpeaeneHnA MaKCHMansHbix YCKOPeHUi KonebaHui rpysTta
ANR 3BMNBTPACEHWIA PANNYHOK MAKPOCENCMNUBCKON UHTEHCUBHOCTY
1—1 —5 2~-1=6;3-1=7:4—1=8,;5— 1 =9;cnnowHan NMHWA — SONBLIOE YNCNO
AGHHLIX; NYHKTUPHEA — MAnoe YWcno AaHHbEX

pbIX nocnealux patortax. MonsiTkKn KoOPpenAunmM MeXay NMKOBbIM YCKOPeHNeM
X m ax VI MHTEHCUBHOCTBIO /5, [217], OCHOBaHHBIE Ha BRIpaNEHUM
log Xfax =b1lum + b2, . (1.14)

CBA3bIBAIOLWNM UHTEHCUBHOCTL /,,,,, U3MepeHHylo B BGannax MoandmuMpoBaH-
HOW wKanel MepKannu, ¢ MaKCUManAbHbLIM YCKOPEHUEM, NPUBENK K CNEAYIOUUM
pe3ynstataM. Haunyuyiune 3HaveHuR napamerpos b, b,, MUHUMU3UpPYIOU Ve

pa3bpoc IKCMEPUMEHTANLHBIX 3HaYeHNH X 2,4, OTHOCHTENHHO AMNPOKCUMAUNOH-
HbIX 3HAYBMMA X 0., , pasual .b,"°P =0,24, b,7°? =0,26, 5,°°P" = 0,28,
b,>¢P™ = 0,40.

. Maxcumanbibie YCKOPEHMA TOPM3OHTANbHBIX WM BePTUKANbHbIX KoneBarun
annNpoKcCUMUpoBanvche pasfensHo. [lo-euawmomy, topmyna (1.14) moxer

6bITb UCNONB3OBAHA NWWb ANA OUEHKW MNOPAAKAE BEINYMHbI Xmaxs T-€6. MOXET
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NpeTeHAOBaTL Ha oueHku, B 6—10 pa3 OTNAUYAIOWMECA OT AGMCTBMTENbHbLIX
3HaueHui. MHTerpanbHble KPUBbIE PacnpeAeneHuA MaKCHManbHbIX YCKope-
HUA NpY  3eMNETPACEHWAX Pa3NU4HOA WHTEBHCUBHOCTM, B3ATule U3 pPaboTwbl
[13], npuBeaeHsl Ha puc. 1.3. ConocTasneHne ¢ pPe3ynLTaTaMmn ApPYyrux asTo-
POB HEe NPOU3BOANNOCH.

1.3. OUEHKA AKCENEPOFPAMM CWUNbHbIX 3EMETPACEHUA

B nocnegHWe oAbl WWPOKOE PacnpocTpaHeHWe MNONYYANN MeTOAbl TaK
Ha3bIBAEMOW TeHepauun “"MCKYCCTBeHHbIX'' akcenepbrpamm, OCHOBaHHbIE Ha
npeactasnedn Konebanui B BMAS KBA3UCTAUMOHAPHOTO CAYY3NHOMrO NPpouecca,
6NU3KOro K peanbHOMY CeACMMUecKOoMy Bo3peicTeu. CoBpeMeHHOe COCTOA-
HUE TEOPWUM M MINOMUCAEHHOCTb UCXOAHLIX A3HHLIX HE NO3BONAKT COBEPLUUTE
AOCTATOYHO HAAEXHLIA NPOrHO3 CENCMUYECKOrO BO3ABHCTBUA, OCODEHHO 8
obnactu Bsicokunx uactoT {1—20 Mu), HanbBonee UHTEPECHONW C MHXKEHEPHOI TOY-
KW 3peHUA. [103ToMy B HacTOAWeEe BpPeMA LHMPOKO NPUHATHIM ABNAETCA BhIGOP
NPUBNKEHHOA IMNMPUUECKOH MOAENU ANA ONUCAHUA CNYHAWHOro npouecca
KonebaHui NoYBsl NPU 3eMAETPACEHUN. TaKaA IMNUpUYeCcKan Moaenb ABNRETCA,
No CYWECTBY, rMNOTE30#M 0 XapaKTepe CMyvanHOro npouecca, KOTopaA B nocne-
ayrowem mMoxer GoiToe NogTeep>kaeHa NUB0 OTBeprHyTa Ha OCHOBe aHanW3a
aKcnepyMeHTansHeiX AaHHbix. OCHOBHble ynpowawwue NPeanonoXeHWA Npu
MOCTPOEHWUN PAAA 3IMNMPHYECKVUX MOAEREN 3aKNIOYaloTCH B cnepytowem. Mpea-
nonaraeTcA, YTO BO BCEX CAyYaAX KonebaHuA rpyHTa x (t) ABNAIGTCA C AOCTATOM-
HOM CreneHbrd TOYHOCTM Ppeanu3aunAMM KBa3MCTALWOHAPHOro rayCCOBCKOrO
npouecca. Kakaan peanusaumA npouecca, No npeanonoxeHuo, GbopmMupyetca
npouaseaeHMem MeANeHHO M3MeHAIOIEWCA (MO CPaBHEHUIO C OCHOBHbLIM NEPUO-
AoM Kone6anuwi) oruBatowen y(t) Ha peanusauwo py (t) rayccoeckoro cra-
UWOHAPHOTO NPOoUECcCa C eAUHNYHON AUCNEPCUen:

Xt =y (e (1), k=1,2,.., K. . (1.15)

MpegnonaraeTcA Taxe, YTO CYWLeCTBYIOT YHVUBEPCanbHbie NapaMeTpuyeckue
BbIPaXKeHUA, OMUCLIBAIOLME MOLYNMPYIOULYo dyHKumnio Y(t) u aHepreTuve-
CKUA cnexTp S () rayccoBCKOro npouecca, KOTopble He A0MKHLI 3aBUCETL OT
CeACMOTEKTOHMYECKMUX YGCNOBWA. PasHbie 2BTOPbLI NPEANAraldT PasHble QOPMbI
BbIPaXKeHU ANA HA3BAHHBLIX PYHKLUA:

Moaens ) i)  S{w)
‘ S, [1 +4alw/y)?]
| {128, 220, 207] a:0<t<T -
0:t>T [1 —lw/?)? + 4a{wly)?
- S
1 [20,1] ate_bt;t>0 ¢
{wiea? —4?) + 4o w?
bt Sy lw? +a* +47%)
111 {20, 198a, 163] ate t>0

(W? +a? +9?P —dy?w?

B npusefeHHbIX B TabBn. 1.7 BbIPAXEHWAX 3HEPreTUYECKOro CNEKTpa mac-

wTabHel# MHOXUTENb So {a, Y) He 38BUCMT OT 4aCTOThl w YU BLIBUPAETCA U3

YCNOBMA HOPMVPOBaHWA

[ Slwldw =1, A (1.16)

— 00
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npuuem S{w) cBA3AH C aBToKOppenAuuoHHon cdyHxkuvehd K (r} npouecca
i {t) npeobpaszosaruem dypse:

*

oe
su,)):—1 [ Kl gr. (117
2 -

CyLWEeCTBeHHD, YTO BCE HA3BAHHbLIE BLIPAKEHNA ANA 3HEPTreTUYECKUX CreKT-
pos Gnusku Apyr apyry. Bo BCex cAyyaAx NpeanonaraeTca, 4To 3HepreTude-
CKWI CNeKTp MMEET NWilb O4UH MaKCMMYymM B8 uHTepsane Yacrot ot 0,5 go 25 lNu.
PyHkunA S{w) MOHOTOHHO BO3pacTaeT 40 CBOEMO MAKCMMabHOFO 3HaYeHWUR
Smax (W) 1 3arem yGuiBaeT 0o HYRA NpU > 0.

Takum e obpasom seaer ceba orubaoutaa Y{t) 8 mogenax ! u {il. Oxa
ONUCLIBAET NOCTENEHHOE HAPacTaHue 1 3aTeM yObiBaHMe aMnnuTya KonebaHui Ha
peaneHbiX akceneporpamMmax. Koadwumentst @ u b B Hed OnucsiBaldT  CO-
OTBETCTBEHHO UHTEHCUBHOCTb U MPOJOIHKUTENBHOCTE KONebaHWi, a & 1 Y onpeAe-
AT OPMY 3HEPTeTUURCKOrD CNEKTPa npouecca Mn TeM caMbiM 4acTOTHbIN
coctaB Konebawwid. CneayeT 0TMeTUTb, 4TO npocTan ¢opma orubawoiied B
MOAenu | NpUBOAUT K CYLLECTBEHHOMY YMpPOLWEHUo NOCNeayioiluX pacyeToRr,
OfHAKO B MEHbLIEA CTeneHn COOTBETCTBYET peanbHbiM 3aNUCAM YCKOPEHUH,

Hexkenn orubawowan mogenei Il u |1, KpoMe ONUCaHHuIX, pa3paboTaHel 1
Bonee CroHble MOJENM KBA3UCTaUMOHAPHOrO rayccosckoro npouecca {210,
231].

Mocne BoIBOpa MoAaesnu cny4anHoro npouecca 3agaya NPorHo3a BO3AeWCTBUA
CBOAMTCA K ONpeaeneHuio NapameTpoB &, b, @ W 7, KOTOpsIe 3aBMCAT OT napa-
METPOB OYara u cpedbl, T.e. B NPOCTEWLIEM BUAE OT MarHUTYAb! 3eMAETPACEHNA
M anuueHTpanbHoro & {nmMbo runoueHTpansHoro R) paccTOAHMA W FPYHTOBbLIX
ycnosud. CneayiollMe PEKOMEHAAUMW OCHOBEHBLI H3a ananwuae OueHb Manoro
YMCAIa aKCeneporpamm, Tak 4YTO OHW HOCAT FUNOTETUYECKUA XapakTep.

H. Hbtomapk # 3. Posentnior [128] cuutaoT, 1o BCe NepesncneHHble Bbille
NPeAnoNOXeHUA BEPHLI ANA ONUCAHWA KONeBaHWiA TBEPAbIX TPYHTOB Ha CPEAHUX
3ANWMUEHTPANbHLIX PAaCCTOAHMAX. B 3aTOM criyyae OHM PEKOMERAYIOT NCNONL30BATE
Mogens | ¢ napameTpaMu, yA0BrIETBOPAIOWUMMN CNEAYIOWMUM YCHOBUAM;

aSo =11,5¢em - ¢ ¥/2¥/4a% = 147,8¢72, 42 =242¢%, T=125¢.  (1.18)

Mpu 3ToM 3HepreT4ecKui cnexTp S () namepAeTcA B oM - ¢ 3/ 2,

3. Bammapk. [229] npeanaraet ucnonb3oBaTte Mogens | ¢ napameTpamu
Yy=47 n a=0,6 B kawecreBe yHMBEpCcantHOW ANA noBoON CercMOnorM4ecKon
CUTYaLNN. ’

A.M. AiisenBepr [1] wenonesosan Mogens |, Yncno napametpos KOTOPO
coxkpaujaetca A0 AByX. OH npeanonaraert, YTo NapamMeTpel b U & CBA3aHbI C
" NapamMeTPOM ¥ BhIPaXKEHWAMMU THNA

05<a/y<0,77, b = 0,05. {1.19)
MNpy 3TOM 3HaveHne HOPMUPOBOMHOIrO MHOXKTENA So UMeeT BuA

S = 20(a® + ¥?) /n. {1.20)
MacwTabHbili MHOXMTENE @ B 3TOM Cfiyyae NpeanonaraevcA BbIYUCAATL MO
thopmyne:

a=KyVy . (1.21)

rae y umeet pasmepHocTs ¢ 1 a — em? ¢y K =60; 30; 15 ann9,8u7-6an-
NbHBIX COTPACEHUA COOTBETCTBEHHO. [pU 3TOM 0CTaeTcA HeonpeaesieHHbIM
OAVH Napamelp ¥, BO3MOXHbLIE 3HAYEHWA KOTOPOTO ONPEAENRIOT TN BO34en-
cTBuA. MocnedHnin MeTOA KaK MPOCTEALIMIA MOr 6bl 6bITh MCNONL30BAH NYTEM
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32/1aHYA NOAXOAALIMX 3HAYEHUA NapameTpa ¥ ¢ NOCNegyIoled reHepauuen Ha

3BM aHcamMbnA CUHTETMYECKWX AKCEeNneporpamm. Omiako OH HY>XA3eTCA B

L0ONONHUTENBHOM QBOCHOBaHWM,

N3-3a TPYQHOCTEN, BOIHMKAOUIUX NPU UCNONL3OBAHWA METOAOB TeHepauuu
""UCKYCCTBEHHLIX'® aKCENEPOrpaMM, Ha NPakTUKE 4acTo MPUMEHAEBTCA CNocob
noabopa aKceneporpaMm, NPU KOTOPOM B Ka4ecTBe BXOAHOro curHana {koneba-
KWl B OCHOBaHWMU PbIXMON TONWM) UCNONL3YIOTCA peanbHbie 3anMcy KonebaHui
NOBEPXHOCTWM TBEPAbIX FPYHTOB. 3anucu nNoaSupalroTcA OT 3eMNEeTPACEHWA ¢
MarHuTyAamMu, FRyOUHaMKU W PAcCTOAHUAMMW, PaBHBIMKU MNK BNNAKKUMU OXUAa-
eMbIM B MCCNIEAYEMOM paitoHe.

Ha cneayroulem 3Tane, UCNoONb3yA B KauecTBe BXOAHbIX CUrHANORB BblBpaHHbIe
axKceneporpamMmMbl, PacCHUThLIBATCA KonebaHuA TPYHTOBLIX TONU( B KOH-

NYyxpetHom Mecte. [pn pacuete KpuBbix npeobpa3zoBanuil kKonebaHWi cpeaoit

MOXeT BbITh UCNONB30BaH KOMNNEKC NROTPaMM, pa3apaboTaxHeld J1.U. PaThu-

oot n W.T. Hanersapuase [119, 120, 153—156]. Onucaunsiit crnocob Gwin
‘}mcnonbsosau NpYM CeRCMMYECKOM MUKPOPanaHMpoBaHnM ropoaa [Metponae-

noeck-KamM4arckunil, HeKOoTopbiX nnouwlagox tpaccst BAM u npu ouenxe cei-
Q: CMMUYECKOA ONAcHOCTY 0COBO OTBETCTREHHbIX OOBLEKTOB — BbICOTHBIX NNOTUH
¥ AaTOMHbBIX 3NEKTPOCTAHUWA.

PaccmOTpeHbl  pasnuuHsie cnocobbl npeacTaBneHUAn o»(wnaemoro ceicMu-
YECKOTr0 BO3AENCTBMA, Bbi3bIBAEMOro 3eMMETPACEHUEM W3BECTHON MarHUTYAb!
C ONPeAENEHHEIM MECTOMNONOKEHUEM UCTOYHU KA CENCMMYECKUX BONH.

MepeblA Cnocob COCTOMT B BbIMMCMEHWA OXMUAAEMbIX 3HAYEHUA OTAENbHLIX
NapameTpoB BO3ABNCTBUA, TakMX, KaK MaKpPOCEACMMYECKAA WMHTEHCUBHOCTH,
MaKCManbHbIE YCKOPEHWA, CNEKTPbI Peakuun u apyrue. Mo HaluemMy MHeHWHo,
B8 3T0M 0BnacTy reoBXoaumbl RONONHUTENLHBIE WCCNEAOBAHWUA, BKNOMalOLLUE
conocragnexve HOPMYN, NONYYeHHLIX B Pa3fIMYHbIX PervoHax Mupa, 1 oueHka
BOIMOXHOCTEH MX TIPUMEHEHWA NPX pacyeTe CeACMMYECKOW ONAaCHOCTHU B Perno-
Hax Hawew CTpaHsl,

Bropoit cnocob coctouT B reHepauuu Habopa WCKYCCTBeHHbIX aKcenepo-
rpamm unv BeiGope peansHblX 3anvcei M3 umetowerocA Habopa. B 3Tol obnactu
paboTa, CBA3JAHHAAR € NOCTPOEHMEM NPOCTLIX MOAene# CAYYaWHOro npouecca u
CONOCTABNEHWA UX C 4aHHbIMW, NPOAOMKAETCA,

Botwe Buifo NOGKA33HO, YTO NPOCTEALLIeE ONMCAHUE WCTOMHMKAE ¥ CPEAbI pac-
NPOCTPaHEHNA CEWCMMWYECKUX BONMH MOIBONAET NPOU3BOANTL FPYOYyI0 OueHKY
KoneGamuui, BOZHMKAOWMX NPU 3eMNETPACEHUN. HeBbiCOKAA TOYHOCTH OUEHOK
ABNRETCA HeniBewHol, Tak Kak OoTCcyTcTByeT aeTaneHan uHdopmauua ob
MCTOMHUKE 1 cpeae.

XoyYeTcA MOAMEPKHYTb, 4TO ANA PA3BUTUA MPOCTBIX OUEHOYHbIX METOAOB
Heobxoanma Bonblwana paboTa, CBR3aHHaA co cbopoM m obpaboTkoit akcene-
POrpamMm CUNbHbIX 3eMNETPACEHNA.

Hanuyue 3KCnepuMeHTanbHbIX 4aHHbIX NOCNYXWT YTOYHEHUIO 3MMUPUYECKUX
33BUCMMOCTEA U DPasBUTUIO BOMHOBOW Teopuu. 3Ta TeOpPWMA CO BpemeHem
No3BONKMT ONUCbIBaTh BAWAHME OCOBEHHOCTEN UCTOUHWKAE CeNCMUMECKUX BOAH
M cpelbl, BKMAKYAA BAMAHUE HEMMHEAHOro NOBEAEHWA MPYHTOB, Ha KonebaHwA
B 3aMagHoM TOYKe W OCyLecTBAATe Bonee TOYHbLIK NPOrHO3 CENCMMUYECKOro
BO3AEWCTBUA.

v . RS TY-S .
2. 3ax. 1667 Tt resares 17




nasa 2
CEACMMUYECKUE CBOUCTBA MPYHTOB ;

2.1. TPYHT C WUHKEHEPHO-CEACMONOIUYECKCHA TOMKYK 3PEHKUA |

N3yyeHUe CEACMUYECKUX XapaKTepucTuK rpyHTOB, Havatoe B CCCP u 3a
pybexom ewe B 20—30-x rogax XX B. 6b110 BbI3BAHO ROTPEBHOCTAMY Ceit-
CMOPasBeAKU ¥ CEMCMOMWKPOPaWOHUPOBAHWA W A0 HeAaBHEro BpemMeHu 3a- i
KAoYanock B UCCNEAOBAHUWM aMMAUTYAHO-YaCTOTHLIX CREKTPOB KonebaHui
Pa3nWuHbIX BWACB FPYHTOSB, AepOopMauwin TpyHTOB NPU AUHAMUYECKMX BO3-
AENCTBUAX ¥ CBR3M NapameTpoB KoNebaHW® ¢ MeXaHW4eCKUMn n dusuKo-
MeXaHu4eCKuMK CBOUCTBAMU FPYHTOB (MeToAbl AMHAMUKYK TpyHTOoB). 3a
fnocnegHee AECATUNETUE HAKONWNOCL BONbLOEe KONuYecTBO (aKToOB, MOKa-
3bIBAICUINX, YTO Ha CEUCMUUECKUE XaPaKTepUCTMKK FPYHTOB (CKOpoCTH BONH
P u S, ux oTHoweHWe, NapaMeTPbl 3aTYXaHWA KonebaHuit) BANARIOT Takxke du-
3MKO-XMMUYECKME NPOUECChI, CBA3AHHBLIE C TemnepaTypoit (Mepsnwie rpyH-

Tol} , Auddy3sue BOAbI B FPpyHTe, FHEPrETUYECKUMU XapPaKTepUCTUKaMU FpYH- !
Ta v rManKo-reor pathuiecK My (HaKkTopaMn, BNUMAIOLWLWMI HA BNAaXKHOCTL FPYHTA.
Takum 0Bpa3zoM, BO3HWK HOBbIF KPyr BOMPOCOB, KOTOPLIA Rpegno- i
*unm [93] o6beauHnTs Nog Ha3BAHWEM CEHCMOrpYHTOBENEHHUA (CelCcMOnATO- i
norum) . B nocneaHue rofbi Gbin CAENAH YKAOH B CTOPOHY U3YYBHWA 3TUX BO- 1
npocos.. i

AccnegoBanue CeMCMUYECKUX XAPAKTEPUCTUK [PYHTOB MOXHO NPOBOAMTL {
KaK B ECTECTBEHHOM 3afieraHuuM C MNOMOLILIO PasHOMACTOTHLIX (ceicMonoru-
YeCKUX, CLACMOPa3BEAOYHBIX W YNbLTPAa3BYKOBbIX) METOOOB, Tak u B nabopa-
TOPHBIX YCNOBUAX YNbTPazBYKOBbIMU MeToaamu. Mpu 3TOM AaNHHble CeHCMOo-
aKYCTUYECKUX METOAOB YAOBNETBOPUTENbHO KOPPERUPYIOTCA C  AaHHbIMK
TOYEYHOT O HXEHEPHO - e0NOr MYECKOTo 0NPOBOBaHMA MPYHTOB.

Mpa cecMOaKyCTUNECKUX WCCNEROBAHMAX M3y4aeMbie 0ObEeMbl FPYHTOB
MOTYT M3IMEHATHLCA B OMEHb WMPOKUX Mpeaenax B COOTBETCTBUM C pasMepa-
M Gasbl HaBnaenruin (PaccTOoRAHME MEXAY M3fyLaTesemM W NpUeMRUKom)
M anuHamut BonH. Paspewarowaa cnocobHOCTL CeMCMOaKYCTUYECKUX METO-
AOB TaKOBa, YTO B MacCMBe MOTyT ObiTe BblideneHdbl HEOAHOPOAHOCTH, pasme-
pPbl KOTOPbLIX COM3MEPHMMLI WK MPEBLIWAT ANMHbE BOMH. Tonyyaemsble 3xa- :
YeHUR reodu3uHeCKUX NapamMeTpPoOs 3aBUCAT OT COCTABA W CBOWCTB rpyMTa [19],
HafMuMA TEePMOAVHAMMYECKOro DABHOBECMA rpyHTa u cpeabl [92], a Take
oT MeToao8 paboThi. Mcnone3osanre TexX win uHbIX METORCEB — BONPOC Lenen i
WUCCAIEAOBaKWIA, HO Halo UMeTk B BHAY, YTO MNONyuaemsie pasHbiMu MeToAaMU j
pe3ynsTarel 8 06UeM Criyyae naeHTUYHEL.

Ans cpaBHeHMA pe3ynbTaTos CeHCMOAKYCTUHECKUX WCCNeAOBAHWUMN, OXBa-
THIBAIOWMX MACCUBLI FPYHTOB, C Pe3ynbTaTammu TOUEYHbLIX WHXXEHEPHO-Teosno-
ravecKux UCCNeAOBaHWA CBOWCTR TPYHTOB MPEANOXEeHD MUCNDNb30BaHue
CpeaHWX 3HAYEHWI NOKalaTenehl CBOMCTB PYHTOB NO MHOMOMMCHREHHBIM ON-
peaeneHMAM 80 NPUHATON Fny6uHbl [178].

KpaTko paccMoTpum rrasMeiiwune hakTopsl, SNUAWME HA CelcMuYecKue
CBOVICTRa F PYHTOR. .

Baurnue ToHKUX naeHoK 800bi. Taxue nneHKW BOAbI, MPOHUKEA B TOHKUe
TPEWMHBI, CNOCOBHLI BbIZLIBATL 3UKDEKT PACKIMHWBAHWA W NPUBOAWTL K OC-
nabnednio CTPYKTYPHLIX CBR3EW B MOPOAE U YBEAWYEHMIO TPEUUH. 3Tum ad-
thekToM 0OBACHAETCA nafeHue CKOPOCTEW BONH NPU YBNAXHEHWN NeCCOBbIX - .
W FIMHUCTBIX NOPOA, YTO onuchiBanoch B nutepatype [92, 93] w ocsewaertca |
Hke B pasgenax 22 v 2.3. MapaHue CKOPOCTeH NPOACAbHBIX BONH MpU ye-
NawHEHMK NOPOR HaBMIOLaeTCA NPeMMYULIECTBERHO B CNEeAYIONX wHTepga-
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BN3aXHOCTU FpYHTOB

1 — neccosuaran cynecs flyHak-[lHECTPORCKOro MexkaypeusR; 2 — NeCCOBUAHAR CyNech
n3 pavora r. ByaeHosoka (Mpeakasxasbe); 3 — necCOBMAHBIA CYrAMHOK u3 ABaHCKOW
aonvnbl {Tamwukucran) ; € — 8uiBeTpenas MAanKQNCKaA MMuka U3 painoHa Kaskasckux
MuRepanbHbix Boa

nax snaxHoctu: cynecu — 4—12%, cyrnuiku — 10—18, maiikonckue rnMHb —
16-28% (puc. 2.1). PacknuHUBaHVEe OCYLWECTBNACTCA MNEHKaMn PbIXNOCBA-
3aHHOM BOAhl, KOAMYECTBO KOTOPOW BO3PACTAET NO Mepe YBenu4YeHuA fnu-
HuctoctTn (cBobogrolht nosepxHocTu] nopoabl. 3TUM 0o6bACHAETCA 3aBUCK-
MOCTb BbIURYKAIAHHOTD WHTEPBANa BNAXKHOCTU (B KOTOPOM NPOUCXOAWUT
nafeHue CKOPOCTER) OT rPaHYNOMETPUYECKOrO CoCTasa nopoasi. fpy gocta-
TOYHO BbiCOKOW BN@XHOCTWM (3TOT nopor ocraeTca ewe cnabo v3ydedHbim)
CKOPOCTY B NECYAHO-TNUHUCTLIX NOPOLAaxX Pe3Ko BO3PACcTatoT,

FpyHTol, UYTKO  pearvpyrouiMe Ha yBNaxXHEHWe, Ha3bIBalOT nepeMeHHo-
APO4MHLIMK, U WX CEACMUYECKME XdPaKTEPUCTUKM TaKIXKE MEHRIOTCA NpW #3-
MeHeHun BraxHocTu. [pu Hanu4uM noAoBHLIX TPYHTOB KapThl CeVicMuyec-
KOro MUKPOPAVIOHMPOBAHWA CMEAYeT f[enats (1POTHO3HBIMU, OPUEHTUPYIO-
WYMKU  NPOEKTUPOBLLMKOB W CTPOMTened Ha nNpefnofaraembie M3IMEHEHUWA
CBOWCTB rPYHTOB.

Bnuanue Temneparypsi. Tlgu nepexoge Temnepatypbl yepes 0°C B rpynTe
NPOUCXOAAT (Da30BbIE WU3IMEHEHWA, BneKyue 33 coBol u3meHeHue celdcmu-
YECKUX X2paKTepUcTUK rpyHTa. 3TOT BONPOC OCBELLEH HMKe B pasa. 2.5.

Bnuanue nnotHoctu fnopuctoctu) 2pynra. MOpUCTOCTE MOXKET paccmar-
pUBaTLCA KAK KQCBEHHAA XapaKTepUCTUKa 32MaCOB NOTEHUMANLHOW MexaHu-
YECKOM 3HEPrUM 3epeH, cnaralwux nopody. Mpu ynnoTHeHuu nopoas! {na-
AEHUU 3epeH} NPOUCXOAWT NEPeXOA NOTEHUMANLHOW HEPrUM B KUHETUHEC-
KYW0 C TennoBeiM 3thexToM. JTa 3HepruA mMoxeT Geith noacuuvrana [90, 92,
95]. ¥YnnoTHeHue nopoAbl NMPUBOAUT K NOBbILIEHWO CEACMUYECKMUX CKOPOCTEH,
eciM NPOMCXOARULEe NPM 3TOM HapyilieHWe CTPYKTYPHLIX CBA3eW HE BbI3bI-
BAET PE3KO BbIPAHKEHHOrO MPOTUBONONOXKHOrO ABNeHnA. BoapacTaHue nopu-
CTOCTW FPYHTA Npu HabyxaHuu (UH COMPOBOXKAAETCA NageHuem cKopocTen
[116]. Takum obpasom, cKOPOCTM V, 0BPaTHO NPONOPUMOHANBHLI 3aMacaM
NOTEHUMANBHON MEXaHUYECKON 3HEPT UM 3epeH B FpyHTe,

HapAaay ¢ cymmapHbiM 06beMOM Nop Ha CeACMUYeCKUe CBOUCTBA FPYHTOB
BRUAOT Takxe dopma W pasMep Mop, T.e. CTPYKTypa rpyHTa. B 3HaunTenbHoM
MEpPE OT Hee 3aBUCAT CEACMUYECKME XapaKTepuCTWKW NEecKO®B, Nécca v rAuH.

BrauRHue npoYHOCTU CTPYKTYPHbIX C8A3€d. [lpyv paccMOTpeHUM UIMPOKO
pacnpocTpaHeHHOt MOAeNnv MecHaHO-FMUMHUCTOrQ MPYHTa Kak CKOMNeHWA 3e-

19




pPeH pa3HOro AuameTpa, COEAUHEHHbIX TIMHUCTO-COAEBLIM UEMEHTOM {uemeH-
TauMOHHbIE CBA3KN, CUERneHne yI'IpOHHEHHFl), CG“CMMHBCKVIQ cBOWCTBA rpyHTa
B 3HaYNTENbHOW Mepe 3aBWUCAT OT CBOWCTB LeMeHTa. Hanpumep, necuaxmkwu
C KBApUEBbIM W KPEMHUCTLIM UEMEHTOM XapakTepuaYIOTCA CKOPOCTAMM
vy > 4000 m/c, ussecTkoBMcTbIN necc — 600—1200 m/c. Ecnu uemeHT As-
NAETCA NEPeMEHHO-MPOUHLIM, TO V), TOXe RBMAITCA BENMYUHAMU NepemeH-
HbIMIK, HAaNpumep, 3aBUCALLUMU OT BNAXKHOCTA WUAU TEMNEpPaTypPbl MOPOAbLI.
B Takux nopoaax B pe3ynbrate paCKNUHWBAHUA LEMEHTA TOHKWUMW BOAHbIMM i
fneHKamu faaeHue CKopocten V), Tem 6onblue, 4eM MeHee NPoYHbIMWU ABNA-
HTCA CTPYKTYPHblE CBA 3K, !

Bnuanue KpucTannoxumuveck od 3Hepeuu fcocrae 2pyntal. Wcnons3o- :
BaHWE COBPEMEeHHbIX MPEACTaBNeHui O KPUCTANNOXUMUYECKUX CBA3RX NO- i
3BORAET NOCTPOUTE ODOBLLIEHHYIO MOAEens rpyHTa, COCTOALLErO W3 arperaToB i
Pa3aNMUYHOr0 NOPAAKZ (0T MONEKynbl A0 MaccusoB MOPOA), CBA3AHHLIX 3Hep-
reil MOHHOW pEeWweTKW, aToMn3auvi, BOAOPCAHLIX CBA3EH W T.A. Bblweyka- )
33HHAA MOAEnb 3epHUCTOFO FPYRTE CO CTPYKTYPHBIMWM CBR3AMU ABNAETCA |
4aCTHBIM Cry4aeM pDacCMaTpUBaeMOW MOAENU, NOCKOALKY MIPOYHOCTE IANHUCTO-
CONEBOr0 M BOAHO-KONNOWAHOTO UEeMEHTa OOBACHAETCA CO4ETAHMEM MOHHbLIX, |
BOAOPOAHBIX, KOBaNeHTHbIX, BaH-AeP-BaankCOBbLIX WM APYrUX CBA3EW, KaK Y
NPOYHOCTL Cammx 3epeH. ITa MoAenb obtAcHAET W Borlee KpynHLIe arperatsbl, l
BANOTL A0 MAaCCUMBOB MOPOL, WM3Y4aEMbIX MeTofamMy CEeNCMOPAa3BeaKu U Cei- '
CMONOr N, |

XotA paspaborka nogobHoOM MoAenyn HaxXOAWTCA elle Ha HayanbHOM 3Tane i
[91] u nopcueT KPUCTANNOXUMUMECKOM 3HEPruU reTeporeHHLIX NOpoa CTafn-
KMBAETCA ¢ GONbLNMN 3aTPYRHEHUAMU, 33aBUCUMOCTS CKOPOCTHbLIX XapakTe-
PUCTUK OTAENbHbIX MMHEDPANOB OT UX KPUCTANNOXUMUHECKOW 3HEPrUU yxe
BbiABNAETCA. Ha puc. 2.2 1 2.3 nokasaub! 3aBUcMOCTY ckopocTeid V, n Vot
3Hepruv atomuszauuu (rpadmkKu NOCTPOeHbI Ha OCHOBAaHWWU oBobuleHns AaH- |
HbIX reohuINYeCKOW W KPUCTaNNOXUMUYECKON NUTEpaTypsl) . DHEprua avto-
Mu3aumy  (T.e. 3HepruA, HeobBxoAWMaR ANA OTPLIBA UM yAaneHWA Ha BecKoHey-.

HOE& paccTosHWe aToMa W3 aTOMHOW PeWeTKW) OnpesenseT NpPOYHOCTb Beule-

CTRA, W ECTECTBEHHO, 4TO B03PACTaHMe 3TOW 3HEPrMW Bbl3bIBaET yBenvuesue .

CKOPOCTER BOSIH. Pa3Gpoc 3MNnUpryecKux AaHHbix OOBACHAETCA AWCNOKauu-
AMA U APYTUMU HAPYLIEHWAMM BEUIECTBA Ha aTOMHOM, MONEKYNAPHOM un Go-
nee BLICOKOM ypoBHAX. B nepBom nNpubnuxeHnn Mbl APUHUMAEM 3aBUCUMO-

cTn CKOpOCTEM (M/c) OT IHEPIUN aTOMU3AUUM 1D,>K/M0nb) 8 Buae (V, =142 .
-103E-98 - 10%; V,=85.10"°£-29. 103, ,

BrurHue (ﬁusuxo—eeoepagﬁuqecxoao oxpywerur. Ha ceACMUYECKUE Xapak-
TEPUCTMKKM TPYHTOB OKAa3bIBRAKT BNUAHWE Take (U3NKO-reorpadmieckue
{knumat, pensed, Broctepal u TexHoreHHbie diakTopbl. C ITON TOMKK 3peHUR
FPYHTBI CNEAyeT AennTb Ha UHEPTHLIE ¥ CEHCOPHble {MyBCTBUTENbHbIE) . MHepT- !
Hble FPYHTbl (Tanble NECKW, raneyHuky) cnabo pearupyroT Ha BO3AEACTBUE
cpeabl M B PasHbIX YCNOBUAX WX CEUCMUYECKUE XAPaKTEPUCTUKU npubGnvsu-
TensHO OAWHAKOBLI. CEHCOPHBIE MPyHTE!, HANPOTMB, CNOCOOHBI 3HAYUTENLHO W3-

MeHATb CBOW CBOWCTBA NOA BG3IAeHCTBWMEM cpefbl. K CEHCOPHBIM rpyHTam
OTHOCATCA NECC M MEP3NbIe TPYHTHI, W3MEHAIOWMECA B 3aBMUCMMOCT# COOTBET-
CTBEHHO OT BNaXXHOCTHON O U TEMNEPATYPHON O PEXXUMOB Cpelbl.
BnuAHve Knumata MoKeT BbiTh WINHOCTPUPOBAHO HAa NpUMEpe CYrMHKOB,
K KOTOPLIM nNpuHaanexut u nécc. KnumaT enuAeT Ha CBOUCTBA CYr AIMHKOB |
fOCPEACTBOM BO3AEHCTBMA HA UX BNAXHOCTb, 0T KOTOPOM 3@BUCAT CTPYKTYpD- l
Haf NPOYHOCTL, AePOPMAUMOHHLIE, NPOCaAOYHbIE W CeMCMUHECKMEe CBOWCTRA
3TUX TPYHTOB. M3 Beaywlux KaAumaTOMOrMYeCKux noKasaTenei 3aecCo Jonxer
BbiTb OTMEYEH paaVaUMOMHbLIA WHAEKC cyxoctu A/Lr, rae R — paauaumon-
Hblll BanaHc; r — KOMMYECTBO aTMOC(epPHbIX OCaAKOoB; L — CKpbITan Tennora
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Ha CYTNWHKAX W NECCOBLIX TPYHTAX OT : o/
pPaAVALKOHHOrD  WHAEKCa cyxocTu  [95] p 2.4 7L
ne. 2.

ucnapeHna Boabl. Boicokue (> 2} 3HauenuA uHAEKCa COOTBEICTBYHOT 3aCyLnu-
BOMY KNMMaTy. YCTAaHOBNEHO, YTO YBAAXHEHWE KANUMATA U MOHWwkKeHwe R/Lr
Bbi3bIBAET W3MEHEHUE CENCMUYECKUX XapakTepMCTUK CYTNWHKOB, B pe3ynb-
TaTe vero BO3pacTaeT npupauleHne celicmmueckoro 6anna {95). Ecrm ans
CYrnNMHKOB 3HaveHue A/B NycTBIHAX COCTaBnAeT B CpeaHem okono —0,4,
TO B 30He TaeXHbix necos oMo paocturaet +0,5 (puc. 2.4). 3707 sthdhexT MoO-
YKET UMETh He TOMLKO TeoPeTUYeCK0e, HO U NPAKTUYRCKOE 3HAYEHUe.

Penbeth M TexHOTeHHble MPOLECCh], BAUAR Ha pacnpeaeneHue BNaru B rpym-
Tax, BAVAIOT U Ha CEMCMUYECKMNE XaPaKTEePUCTUK K CEHCOPHLIX MPYHTOB.

ManoxenHoe NOKa3biBaeT, YTO CEMCMUYECKUE XapaKTEePUCTUKKN [ PYHTOB
HAXOAATCA B 3aBUCMMOCTW OT HUINKO-XUMUYECKUX, 3HEPrerueckux, ¢uiu-
KO-Teor padiM4ecKmuxX U TexXHOFeHHbIX (hakTopos. HO Aaxe NpuM MAEHTUYHOCTH
3Tux (DaKTOpoB B KaKuMX-NUBO PacCMaTPUBAEMbIX CAYYaAX MpU KaXyulemca
CXOACTBE TPYHTOB cecMuueckue 3dhdexTsl MOFyT BuiThb pasnuyHbiMM B 3a-
BUCUMOCTN OT COCTOAHWA TPYHTOB W TEMNOB WU3IMeHeHWA (U3nKo-reorpadn-
YECKOrD OKPYXeHA,

Cneayer npexae BCEMO YYMTbIBaTb BAWAHWME HAMNPAXKEHHOTO COCTOAHWUA
rpyHTOB. B 3aBMCYMOCTW OT UMEIOWErDCcA B FPYHTE HAarNpRXKEHWA ero nose-
AEHWE NPU MPOXOXAeHUM CEUCMUUEC KON 3IHEPrM MOXKET ObiTe Pa3NUUYHLIM.
MN3BECTHO, 4TO MeXaHuYeCKWe HaNpPAXKeHUR B rPyHTE BO3PAcTaloT C rNyOGUHOWU,
37O COCTOARHME CYLUECTBYET eCnoruYecKu ANuTeNbHOe BPEMA, v NOA ero Bu-
AHWEM TPYHT NOABEPraeTCA NWNWb MEANEHHBIM TEeOfNOrMYeCK ANUTeNbHBIM
U3IMeHEHUAM. Ha oHe 3TUX RANPAXeHWIA CYWECTBYIOT aHOManNuWK, Bbl3BaH-
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Hole MPUPOAHbIMU penbedoobpasylowmumMn U O0COBEHHO TeXHOreHHbIMU GaK-
Topamu. B 3TUX cnyyaAx BO3MOXKHbI CeMcMofehOpMauUMmM 8 rpyHTe gaxe npu
HEBbICOKOW WMHTEHCWBHOCTM corpAcednin. Hawbonee otvyeTnuso 3to Habnwona-
€TCA Ha CEHCOPHLIX rpyHtax. Mpumep Gbin onucaH B ABancKoOW AonuHe, rae
npu 4etbipexBannbHOM TON4YKe B NECCOBLIX FPyHTax obpazosanuck KpynAHble
TpeutuHbl. flpocaaku TpyHTa Ha NONWUrOHe BbI3BaNU fepepacnpeneneHue Ha-
NpAXKeHUN B OKPECTHOCTAX NONWIroHa, 4TO crocobcTsosano cedcmonethop
Mauuu. B KauecTee Apyroro npumepa MOXHO PacCMOTPETL TpelywmHoo6paso-
BaHME HA 3aCTPOeHHbLIX y4acTkax B LleHTpansHbix Kbi3binkymax npu cencmu-
YECKUX TONYKax M paxe 6e3 HUX, CBA3aHHOE C ABNEHUAMU HabyxanunA W ycap:
KW FAVH, BbLIIBABLUMX WU3MEHEHWA HANPAXKEHHOro COCTOARHWA rpyHTos [180].
CpeaHeasmaTckyvie MCCNeAOBATENU [aKOT pas’nuuHbie TONKOBAHWR 3ITOMYy ABAeE-
HUI0, KOTOPOE C WHXEHEePHO-TeONOTMYECKON TONKYU 3PEHUA, yunTLIBAIOWEN
CBOMCTBA MMuH, 0B BLACHAETCA 40BONLHO APOCTO.

O606Wan “3noXKeHHOe, MOMHO OBOPUTL O BNURHWUYU TEDMOAUHAMUYECKO-
ro COCTORHWA HAa NOBEAEHWE FPYHTOB NPU CEUCMUYECKMX Ton4ykax. Hes sme-
UJaTenscTBa 4YenoseKa rpyHThl Bonblen 4acTblo HAXOAATCA 8 COCTORHUM Me-
XaHWYEC KOO, TEMNOBOTO M BOAHOrO PAaBHOBECWUA, HAPYLU3EMOro CeilcMu4ec-
KUMK TONYKAMU NUILE BbICOKOW WHTEHCUBHOCTU. TexHOreHes Hapylaer 3To
paBHOBECHE, W PYHTbl, HaXOARILMECA B HEPaBHOBECHOM COCTOAHUW, gediop-
MUDYIOTCA A@KE MpU CPaBHUTENbHO cnabbix 3eMneTpAceHMAX. 3acTpoeHHbie
TEPPUTOPUKU ABARIOTCA NPUMEPOM 3TOFO. ANA HUX XapakTepHO NOAHATUE YPOB-
HA FpyHTOBbIX BOZA M RoATONNEHUE BYHAEZMEHTOB COOPYXEHWU FPYHTOBLIMU ;
BOAAMM, UTO PE3KO YXYAWALT KHIKEHEPHO-cencMmMecKkyto obetadosky [98].
[NA 32aCTpOeHHbLIX TEPPUTOPUIA XapaKTepHO OTTaMBaHWe MEep3noThl, YTO TaKXke
NPUBOAUT K NOBBLILEHUIO NIPUPALLEHUA CEXCMUYECKOro Banna.

B rnaee paccMOTpeHbl cecMukecKue CBOMCTBA NUTONOTMYECKUX PAIHOBMA-
HOCTE TPYHTOB, MMEIWUX WNPOKOE PAacnpOoCTPaHeHne B CeACMUYECKU aK- i
TUBHbIX panoHax. WU3yveHsl cedicMyuecKUe CBOWCTBA BO3AYWHO-CYXuX W 06- i
BOAHEHHBLIX FPYHTOB. B OThensHoM paszpene rnasw! PacCMOTPEeHbi BEYHOMEP3-
nble rpyHThL.

2.2. IECCOBbLIE TPYHTHI

Neccosbte TpyHTel 3anumalT oxono 13% nnowaaw Cosetckoro Colosa,
NprUveM 3HaYUTENLHAA UX 4aCTb NMPUXOAWUTCA Ha CEMCMOOMNAacHle PanioHb!. lpu
CENCMMYECKUX BOIABWCTBMAX NECCOBbIE TPYHThI BeayT ceba cBoeobpasHo: B
HUX 06pa3YTCA CeNCMORUCTIOKAUKN, CENCMNYECKIUE CENY, CeiCMUYecKue Npo-
CagKu, a UISMEHeHNe NpUpalleHuA cercMuyecKoro Ganna HabnwaaeTca yxxe Npu
CPasHUTENbHO HeBONbLIOM WU3IMeHEeHNMW BAEXHOCTU. JTU TPYHTLI MpuHaAnexar
K Fpynne CEHCOPHbIX, CBOMCTBA KOTOPbIX (B TOM uuCiie CeCMUYECKUE) MeHA-
IOTCA 1104 BNWAHMEM BNaXKHOCTWU, AaBNEHWA M KNumaTa. B npupoaHbIx ycnoBu-
AX CBOWCTBA NECCOBbIX FPYMTOB HaXOAATCA B PABHOBECUU C OKPYXKEIOLLEN Cpe-
DO, NOKA He NPOKIOUALT HapylueHue 3TOro PaBHOBECHA.

Creuucuka CBOWCTB NECCOBLIX TPYHTOB (CpaBHUTENsHAA OAHOPOAHOCTL pa- |
HYNOMETPUHECKOTO U MUHEPAanor MMeCKOoro CoCTaBa, HEAOYMNAOTHEHHOCTb, T.e.
CROCOBHOCTL FpyHTa YMNOTHATLCA NPy OCnabneHun CTPYKTYPHBLIX CBA3eNn,
3aBUCMMOCTb MNOTHOCTM 1 NPOYHOCTU CTPYKTYPHBIX CBA3EN OT BnaxkHoCTU) npu-
BOAUT K TOMY, 4TO Cpeau Habopa haKTOPOB, BAMAIONX HE U3 UK O-MexXaHuYec-
KHe CBOWCTB2 NeccoBbiX FPYHTOB, BNAXHOCTk W ABNAETCA OgHUM uz HanGonee
cywecTeeHHbIX. COCTOAHKE BOALI B NECCOBLIX MPyHTax cBoeobpas+o, Ecnm ans
rAvH XapakTepHa CBA3aHHas, a ANA NeCKOB — I paBUTaUMOHHaA (cBobGopHan)
BOAA, TO B JIECCOBbLIX MPYHTaX Mbl BUAUM COMETaHUE PA3NWYHbIX BUAGEB BOAbI.
[Mo3TOMY BO3MWKAO NPEACTasneHne O NapareHeTMYECKNUX KOMMANeKcax BUAOB

22



BOAbI B FpyHTax. B neccossix rpykTax pasnuuaot [92, 96] koMnnexchi: mano-
noaBwxkHbin (W <10%} , audbdysvorubit {10% <W <18%), kanunnapHbli
(18% <W<25%) wu rpasutauvonHstin (W > 26%) . Boma pasHbix napareqetu-
4eCK#UX KOMNNEKCOB OBNafaeT PazNMYHON NOABMKHOCTEIO U NO3TOMY NO-Pa3HO-
MY BNUAET HA CBOMCTBA FPYHTOB.

COCTOAHWE BOALE B TPYHTAX MOXET ObiTh TEPMOAUHAMUYECKU PABHOBECHBIM
W HEPABHOBECHbIM. OTW COCTOAHUA TaKKe NO-Pa3HOMY BAKAIOT Ha CBONCTBA
rpyHyes. B npupoaHbix YCHOBUAX B "MepTBOM’ FOPU3OHTE, T.e. HUXKe 30HbI Ce-
30HHOMK U3MEHHMBOCTU BAAMHOCTU ¥ TeMNepaTypbi rpyHTa, BOAA HAXOAWTCA
B TEPMOAMNHAMNYECKOM PaBHOBECUU C Teor padinyeCc KQl CPeaci, T.e. BNAXHOCTb
HaxoAMTCA B COOTBETCTBUM C KONMYECTBOM BOAbI B aTMmoccepe. (1pW Hanuuum
3TOrQ PaBHOBECMA BNAXKHOCTL (KOMWMYECTBO BOAbI) W CBA3aHHbie C Hel Apyrue
CBOWUCTBA rpyHTa W3MEHAIOTCA NO BpeMEHN B HE3HAYNTENBHBIX npenenax.

B npocTpaHcTBe KONMWMECTBO BOALI MOXXET W3MEHATLCA B LUMPOKUX npese-
nax, TakK 910 Pa3HOBUAHOCTU BOALI B PAa3HbIX MeCTax MOryrt O6p8308staTh
PasnnyHbie NapareHeTWMeCKMe KOMMNeKchl. B 4aCTHOCTW, ypoBeHb TPYHTOBbIX
BOA ABNAETCA PE3KOM rpaHuuen pasaesna rPYHTOB, COABPXKAWMX KanWUNApPHbIA
v [PABUTAUMOHHEIN KOMMineKChl. HeaqoynnoTHEHHOCTL {NpocagovHoCTh) FpyH-
TOB COXPaHALTCA NULLL NPU ManONOABWKHOM U OTYACTU AU Y3IUOHHOM KOM-
nnekcax.

Npu Texnorenese {(npeobpa3zosaxiui 3eMHON KODb!, Tuapocdepst, atmoche-
Pbl U XKMBLIX OPraHM3MOB NOA BO3AEWCTBHUEM TEXHWUKK) fIPOUCXORUT 3HAYUTENL:
HO€ V3MEHEHWE BNAXHOCTY FPYHTOB. [pn 3TOM paBROBECUE MEXAY KONWU4ecT-
BOM BOAb! B FPYHTe U reorpaduieckoin cpegon Hapywaetca, OueHb yacTo B pe-
3YNbLTaTE TEXHWHECKOrO OCBOEHMA NAOWAAEN, CHOXKEHHbIX MecCOBbiMW IPYHTa-
MU, npoucxoauT 0b6BogHEeHNE TepPUTOPUA. 3TOT NPOLLECC CONPOBOXKAAETCA CMe-
HOW nNapareHeTUHeCKHUX KOMNNEKCOS BOAbI, MPOC3AOYHbIMU ABREHUAMUA W W3-
MeEHEeHWEM CBOWCTB NECCOBLIX FPYHTOB BO BpemeHu. BeiCTpo npoTekarow umn
Npouecc NPOCaAKy OCTaBNRET Pe3epB HeAoyMNOTHEHHOCTU rpyHTa, 6Gnaroaaps
YeMY T'DYHTbI MPU HEPEBHOBECHOM COCTORHUU BOAbl B HUX CKIOHHGI K CEACMMU-
YECKWM Npocaakam, T.e. K AONONHUTENbHOMY YNAOTHEHUKO NP#t NPOXOXAEH N
CEMCMUYECKOW 3HEPruy. IKCREePUmerT ™ .Hble WUCCNEA0BaHWA CecMUYecKunx
CBOWCTB NeCCOBbIX MPYHTOB 3@ NOCNEeH,.. 'OAb! NPOBOAMANUCE MHCTUTYTOM Celt-
cmonoruu AH Y3CCP [107], ®3 AH CCCP [67] u NMHUKKC [6, 85, 86, 92,
98]. B paBorax MHNWUWC, nomumo obweviasecTHsix $HhakTopos (NAOTHOCTL,
BNaXXHOCTs FPYHTA, MOWHOCTL CNOA, FnyBuHa YPOBHA TOYHTOBbLIX BOA) , Y4WUThI-
BaETCA TaK>Xe BNUAHUE COCTOAHUA BOAL! B MECCORLIX FPYHTAaX HA UX CeNCMUYec-
KWe CBOMCTBa.

YCTanosneHo, 4TO CeCMUYEC KMe CBONCTBA NECCORLIX FPyHTOR NpU pasHOBEC-
HOM COCTOAHMW BOAbI 3aBWCAT OT reor payyecKon cpeak!, onNpefenstlowen
BNAXHOCTL rpyHTOB. C NOMOLWGLIO CeACMOaKyCTUMECKUX METOAOR NOATBepXKAe-
Hb! MOPOrOBble 3HAYEHWH BNAXKHOCTW NECCOBLIX PYHTOB, paHee YCTaHOBEH-
Hbl€ NO UHXXEHEPHO-TEONOrMYeCKUM AaHHbiM. MHOFWe CBOWCTBA FPYHTOB PE3KO
MeHRIKITCA npu nepexoae uepe3‘ noperopsie 3HAYEHWA BNAXHOCTU. STM BENUUYKMHbI
B PAaBHOBECKLIX YCNOBUAX ABAAIOTCA TpaHUUAMY MapareHeTUYECKUX KOoMIIeK-
coe Bnary, [oKasaHo, YTo PazfnMiHbLIE KOMIMNEKCH! BAArM UMEIOT Crnesndmnyec-
KOe BO3AEMCTBME HA CEMCMWHYECKUWE CBOWCTBA JIECCOBbLIX FPyHTOB. Hanpumep,
B CYTNMHUCTLIX MECCOBbIX MPYHTaX U3IMEHEeHME BRAXHOCTW B ripeaenax Mano-
noasmxkHoro Komrsekca (W< 10%) He oKasbLIBZeT 3HAYWTENBHOTO BAUAHWA
Ha NPUPaLLeHME CKOPOCTeR NPOAOALHLIX BoNH V. Mpu BnaxuocTv Anddhy3noH-
Horo komnnexkca (10% < W< 18%) HauuHaeTCA yMeHbiueHWe 3HaueHuit Vj,
T.6. Bonee BLICOKUM 3HaYEHURM BNAXKHOCTKU CTBe4alnT Bonee HU3KUE 3Ha4Y_HWUA
CKOPOCTU. 370 OBBACHARTCA PaCKNUHUBAHWESM CTPYKTYPHLIX CB8A2eN TORKUMU
BOAHLIMW NMEHKaMK, BRAYUIAMU K QCNR2BNEHUI0 CBRIEN U 0OBA3CBGHWIO 8

23



a7 sgna P wec. 25 38BUCMMOCTL MPUPBWEHVA

celicMuvecKkoro BHanna wa neccosbix

rpyHTax QT rayBuHbl YROBHA TRYRTO-
8biX 804

2,0
FPYHTE HEBUAMMBIX Menkux Tpe-
WMH. B npegenax KanuanapHoro
KOMNNeKca {18% < W < 25%)
3HadeHnA V, cpasHuTensHo mano
M3MEHAKTCA NPV KIMEHEHAM BNEXK-
HOCTW, Pe3Kkoe ysenuuenne V, Ha-
6nrogaeTca npy NOAHOM 3anonHe-
HVW TNOP BOAOW.

BnaxkHocTe OKa3biBaeY  Cy-
LIECTBEHHOE BNWAHWE Ha NOrNo-
LiaolIve CBOMCTEA NECCOBbIX MPYH-
7 J 5 7 g /’yzﬂ’” ToB. MNoBblweHwe ee (4o non-

HOMO BOAOHACHLIWEHNA) Bbl3b1BAET

CYLLECTBEHHOE YBENMUEHNE AEKNEMEHTZ NOTNOWEHUA Q, NPOAONbHLIX BONH
{or 0,4 Ao 3), 4TO COOTBETCTBYET YMEHbLLWEHUO BA3KOCTH NECCOBbIX MPYHTOB
fpV HacklweHnn sodon. expement nornowerna Q¢ NonepedHniX BOMH NPaK -
YeCKM HE U3MEHRETCA NPU N3MeHeHUN BNAXHOCTH.

11pu pasHOBECHOM COCTOAHWM BOAb! 8 TONWIE NBCCOBLIX rPYHTOB Gonbwoe
BnuAHME Ha hopMMPOBaKUE CERCMUMECKYNX CBOWCTB OKa3biBalOT (PYHTOBbIE
BOAb! {TPaBUTALUMOHHLIK KOMNNeKc Bnaru} . Ha BepxHen rpaHnue ypoBHA rpyH-
Tosbix Boa (YIB) npovcxoauT ckaukooDbpasHoe yeBenuveHue CKOPOCTEA Npo-
nonbHbiX BonH (a0 1600—1700 m/c). BuanMbie 4acToThl CEACMUYECKNX KONe-
GaHWiA B NPOAONLHOW BONME 7, HA (PUKCMPOBAHHOM PACCTOAHMM OT MyHKTa
B036y>KABHMA Bo3pacTawT B8 2—3 pasa npu namededun YIB o1 0 go 12 m. Bu-
BUMBIE 4aCTOThl MOMEPEYHOIR BOMHBY fy NPU Tex dXe YCNOBWAX NPAKTUYECKYN He
meHaTea, Mpu npubnuxkednn YIB K AHEBHOR NOBEPXHOCTU ‘OTMEYaeTCA 3Ha-
YUTENbHOE YBEfMtMYEHUE AMMANTYA KonebaHUM feCcCOBeIX TPYHTOB nNpw 3emre-
TpAceHnAX. MpupauieHne ceircmuueckoro 6anna A/, NOACYUTaHHOE B ITOM Cry-
yae, MeHAeTcA ot 0 fo +2 6Gannos npu wameHesuu rnyBuHer YTB ot 10 po O m
{puc. 2.5).

PesynbTaThl u3y4eHwA NECCOBLIX TPYHTCB NPuW HEPaBHOBECHOM COCTORHWUU
BOAb! MOKAE3anu, YTO MX CEMCMUUECKWE CBOMCTBA BO MHOTOM 3aBUCAT OT Tex-
HOTEHHOrO M3MeHEeHWS BABKHOCTW. [lpn noaTOnNNeHWU TeppuTopuu {KOTAA
BnaxHocTe pocturaeT 18--30%) NPOUCX0AMT pe3Koe CHWKEHWE CKOPOCTen
V,u V, (8 1,6~2 u 1,3—15 pasa COOTBETCTBEHHO} W BUAWUMBIX 4acToT f, (Ha
30—-40%) no CcpasBHEHWI0 CO CKOPOCTAMM W 4aCTOTamu, KOraa BRaXHOCTb CO-
cragnana 5—15%. [ekpeMeHT MOrNOWERWA IPOACNbHBIX BONH B 3TOM Cltydae
YEENU4MBAETCA B HECKONbKO pa3. Nornowatowmne xapakTepucTuKi U Buanmele
YacToThi Monepedrbix Bonk (O, £} B Takux Xe yCNOBWUAX MEHRKTCA HE3Haun-
TeNbHO.

flpn 6LICTPOM TEXHOFEMHOM OGBOAHEHUU rPYHTOB B 06Pa3yOWEMCA rpasun-
TAYMOHHOM KOMMNEKCe BOAL!I COAEPMUTCA 3HAYATENBHOE KOMUWUECTBO NY3bIPb-
KOB BO34AyXa M MONHOE BOAOHACLIWEHME PYHTOB AOCTUMaeTCA NUWL 4epel
ANvTensHOE BpPeMA, MOCNE OTXKATWA WNW pacTBopeHwa 3Toro  Bo3ayxa. flo-
3TOMY TEXHOTeHHbIW YPOBEHb MPYHTOBLIX BOA B HEPaBHOBECHbLIX YCNOBUAX
He ABARETCA Pe3KOW TPaHuuUen napareHeTUNecKmnx KOMNNEKCOB u He uKcu-
PYETCA NPU CeMCMOpPa3BeAoYHbiX HabnrogeHuax.,

N3yueHne AUHAMUMECKUX OCOBeHHOCTEN KoneBaHWiA 3aMOYeHHbIX Necco-
BbIX TPYHTOB NPU 38MNETPACEHUAX (eCTECTBEeHHBLIX U UCKYCCTBEHHbLIX) NOKa-
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3blB3ET CY meCT BeHHO€ yBen wweHM&x

aMnnuTya KonebaHnin M CMeweHuin Mak-
cneKkTpoB 8 00MacTb HUIKUX wacToT No
nonyl\sanuﬁ N 43acTOTaMu MaKCUMYMOB aminu-

€HHbBIX H3@ NeccoBbIX rPYHTax B ecTecTseH-

?

CAMYMOB  aMMNUTYAHO-YACTOTHBIX
CPAaBHEHWIO C amnnuTyaamu KOng
TYAHO-4ACTOTHbIX CNEKTROB, \
HOM BNaXHOM COCTORHUN.
MNpupaileHne cencmuseckoro 6

_Anna AfonpeaeneHo AnA NecCoBbIX FPyH-
HHbIN -
TO8, CoAEPMALNX Anddy3no M KanMNNAPHbIA KoMNnekcsl enaru (W=

~ 15-20%) npuMepHOo +1 ba
rplgmza?zfguugﬁ sznneexc ‘anarI:“’ a ANA NECCOBbIX rPYHTOB, COAePMAUIMX
w (W >25%), oHo pocTuraer +2 6 E.
Mpu TexHOreHHOM yBeru4eHnu { }, oho Ao anno

BMAXHOCTW NECCOBbIE TPYHTH! npuobpeta-
Th K Tenbh ~
10T cnocobHoc AONONHM \OMYy YNNOTHEHUIO B pesynsTaTe CBA3eH W

paspylueHua CTPYKTYPbI U TEKCTy
2 bl. ATK OCTAaTOMHbIE AEOPMALMM HA3BAHI
cevicMuyeckumn npocaaamu [97) P Aedopmat,

Thi NGKAE3bIBAHOT, UTO CEMU(
Pacye ’ IMU4ECKUME NPOCAAKW HA OBBOAHMEHHbIX nec-

Haunb OR
%og:;’;ogan;iTmeauno:e:p:;;’pm}nbl npU 3eMABTPACEHWAX WHTEHCUBHOCTBH
MU MDY IOLLAX 6_‘7.631_'%%'9 6 } pacyeToB 6bina NposeaeHa cepuR B3pPLIBOB,
uMUTMPYIOW '\nerpnceHm. B pesynbraTe Ha 3aMOUMeHHbIX

BLUWX JTECCOBBIX TPpyH ~
v yxe npoce ° PYH ax sadukcnpoBanbl nononHUTenbHble (ceil-
CMuyecKne) NPOCanKy, AOCTURAIOW | Tng ~a'

H HAWN U3NOXEHHOI O
Ha oc oBa Oro Ao NPaKTUYeCKUE PeKOMEHAALMA TI0 NPO-
BEAEHUIC CeNCMUYECKOro MuKpop,

Bulx rEVHTOR N0 HBOrHosY m;aﬁonupoeawﬂ Teppmopvjﬁ pa3sBUTMA necco-
noche 33CTPORKM TERDMTORMN. g #EHEHMA NDUPALLEHUA CRHCMMYECKOro 6anna
"CPERHVX TPYHTOBLIX YCAOBMAX” HACTHOCTH, CAENAHO YTOUHEHME MOHATUA O
WNA TEPPUTOPUN C NPEeUMYLIECTBEHHbIM pac-

MPOCTPAHERNEM NECCOBLIX FOYNTS “p nppoy "o Som w0 mManonomsmkHom
komnnekcy ernaru (W<10%) of y A v
N BEYBKOT MAKCUManbHbie 3HAYEHMR noKasaTe-
el NPOUHOCTHBLIX U ﬂed:'OpMau";*HHblx CBOWCTB 3TUX TPYHTOB, NpU CeACMU-
HECKOM MUKDOPAMOHUPOBAHWN 38 0y o n e FoviThl”’ peKOMEHAYETCR NPUHU-
za:g%gecrf;:';‘ﬁy%pg:;:'nc&']‘oef(:;a:we ManonoaBMXHLIM KoMnseke snarn (W <
HOBECHbIM COCTOAHUEM BRary u);‘uygspa(; ;282'2;. Seggofo"c":orﬂp::;: CH:‘:F::"B‘;
BIIKHOCTA Gonee 10%, ROMKHY " GLite mok movems! 13 rpynnsi "'cpeansx
rpyHTOB".
Koroawgszgz p:‘g;:z; (:' 323::05 apZLUeHue 330134 UHCTPYMEHTanNbHOro celcmmyec-
eCCOBbLIX TEPPUTOPHAX BO3MOKHO NpN KOM-

H NcMo o
MA1EKCHOM UCNONLIOBAHIV CEUCMO o0k ux 1 CeilCMOPa3BEACHHBIX METOAOB.

Oanaxo pacyer npupalieHa Cem‘:mwuecxoro Barnna npy TexHoreHHom obsoAa-
HEHWW FPYHTOB UNN B Cny4ae ”err'v6or<oro (< 10 M) nonoserus Y [B cneayer
NPOBOAUTL C YYETOM ABHHLIX \.p50s0n0rmueckon perucTpauun, fleiicreen-
HOCTb CEUCMMHECKIX HKECTKOCTON o o YCNOBUAX OFPaHuyena Tem, 4To usMe-
HEHUA 3HAUEHUN CKOPOCTEN YIDY! "o oy venakKeHUh FPYHTOB He OTpa-
MXAKT B A4QCTAaTOQUHOM CT%["QHM YXs' WIeHUA ux (bM3MKO'M5)(aHW~|eCKMX CBOﬁCTB.
Ha usmenenve cropocTen vnpyrvtz BOJIH BAWAIOT (U3NKO-XNMUYecKue U Gusn-
:3f%f:::?:;ﬁ:;‘;%?;::?fg:bﬁ(eucvmw(im“e B MPOTUBONGSOXHbLIX Hafpasienu-

: AA3en BefeT K yMEHbLIEHWIO 3HaYeHnn V,
V;, Toraa Kak ynnovHeHune v vanawewe FOpOAbI BOSAGHCTBYET B CTOPOHY yBe-
nudenunA V, n vactuano V.

MNpu pPeBHOBECHOM COCTORHWUU
CTBUA CENCMONOTUYECKUX AaHHLIX
onpeaenATsL No puc. 2.5 unv no M

Af=22/10%20,
roe /i — rny6uHa ¥YIB, m.

80AbI B NBCCOBLIX FPYHTaX,B Cnyyae OTCYTY-
,[pVpatieHue CencMu4ecKoro 6anaHca MoXHO
hpuueckon chopmyne:
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OueBMAHO, 4TO ANA TEPPUTOPUI PACNPOCTPaHEHWA NECCOBLIX TPYHTOR KapTy
CEACMUYECKOT0 MWUKPOPANOHUPOBAHVA CneayeT AenaTh TPOrHO3HON, YYUTbi-
BalOULIEH WHKEHEPHO-TeONOrnYecKylo oBCTaHOBKY, OXWAAEMYIO B pe3ynbraTte
3aCTPOVKK TEppUTORUM.

2.3. [NIAHbBY

KomnnekcHele recnoro-reodiManyeckie UCCNeA0BaHmA CENCMMYECKUX CROUCTB
FMAH  ANA  Lened  CeACMMMECKOr0 MMKPOPAWOHMPOBAHUA  BLINONHANUCH
MHUUNCom 8 1977-1980 rr. 8 pahionax Kaskaszckux MurepansHeix Bog
(KMB} v KanMbixkuu., O6beKTamy U3yveHUA ABNANWCL MaUKoNcKue W apyrue
randel. OHM M3ayyanucs Ao ray6unsl 20 M 1 6onee.

PaboTb! PO M3yveHWUO0 CeNCMUYECKUX CBOICTB FAWH NPOBOAMNUCL W PaHee,
HO He OAR Uenerd CencMUUYECKOro MUKPOPaNOHVPOBaHWA, W OTIWMANUCL CPaB-
HuTensHo HeBonswoi (a0 10 M) rnyBuHHOCTLIO nccnegosaHua [38]. B atux
paboTax BCe rAWHKMCTbIe 0BPa3oBaHWA bBpinu pasfeneHbl Ha ABe Kaveropuu:
NOKPOBHbLIE UETBEPTUHYHLIE ¥ KOpPEHHble TIWHbI. [locneaHum RPUNUCLIBaNUCH
AOBONBHO CTaOUNBLHBIE 3HA4YEHMA CKOPOCTHBLIX XapakTepucTUK. PeayapTath
3TUx paboT nokasawb! & Faba. 2.1. B nurtepatype [87] noABuAMCHL AaHHble ©
3HAYWTENBHOM WM3MEHEHUY CKOPOCTHLIX XapaKkTepucTMK Mo Fny6uHe aaxe B
OAHOPOAHON ToNnule KopeHHsX ravH. Ha npumepe KemBpuickux ravd Buino
NOKA3aHo, YYD C yBenudeHuweM rnybBuHsl UX 3aneraHWA OT NOBEPXHOCTW A0
HECKONbKKX COT METPOB CKOPOCTM MNPOAOCALHLIX BOMH BO3pactarT ov 1200
a0 2500 m/c, a ckopocTy nonepeunbix BonH — ot 140 go 1200 m/c npu usme-
HeHun OTHOLWeEHNA Vy,/ Vi oT 8,5 6nns noeepxHOCTY ao 2—3 Ha ray6une.

B.H. HUKuTuH [124] NepBbIA NOKasan, YTO Pe3Koe U3MEHeHMe CeHcMUYec-
K¥X CBOWCTB KOPEHHbIX MNUH B BEPXHEN YacTW pa3pe3a CBA33HO C UX BbiBETPW-
BaHuem. MIm 6bina npousseseHa oueHKa BenvunH V, U Vsa anoBuK  {Kope
BbIBETPUBAHUA] U HEUIMEHEHHLIX KOPEHHbIX rnunax ManKonCcKon cepum.
HensmeHeHHbIe KOpPeHHble MNUHLI Ha ray6ute Ao 10 M XapakTepu3yKlTcA 3Ha-
deHuAMK V), 2500-—-2800 M/C, B TO BpeMA KaK B 3ni08WM NPOMCXOANT pe3Koe
CHUXKEHWE eenmuusl p A0 500—800 m/c.

WayueHve ceﬁcmmecn(mx CBOWCTB FiMH BbIN0 BbINONHEHO HA PAAE YYaCTKOB
C Pa3sNU4HOW MOWHOCTLIO 3NOBUA U MOKPOBHBLIX TAMHUCTLIX 06PasOBaHuiA,
NpM PasHbIX rMAPOFEONOrMYeCKUX W reoMopdoNOrMiecKUX YCNOBUAX U C pas-
NIM4HBIM MUHEPanorv4ecKWM COCTaBOM ©nvH (paboTsl NPOBOAUNUCE B OCHOB-
HOM Ha BbICOKOANCMEPCHBbIX NMOPOASX C YMCIAOM NNAacTUMHOCTK > 17) . Mpy 3Tnx
WwcecneaoBaHMAX  BbiNyM  NONyYeHe! Creaylolne OCHOBHbLIE 3aKOHOMEPHOCTH.

B rivHvCcTON TOoNwe pacnpocTPalAOTCA B OCHOBHOM npAMLIe 1 pedparupo-
BaHHbIE BONHBI. Pe3KUX NPEnOMAAIWMX rpaHul B TONWE MaWKONCKUX CAVHUC-
TeiX 06pasoBaHMi, KaK fpaBuNo, He HAbNKAaeTCA, B TOM YMCNE U Ha YpOBHe
30Mbl MONHOro BOAOHACkiWEHUA. Hanbonswine BepTuianbHble FPafUeHRThbl CKO-
POCTE COOTBETCTEYIOT 3MIOBUI0 KOPEHHbLIX TNMH W NOKPOBHLIM FAMHUCTBIM
06pa3’0oBaHNAM, @ HAUMEHbLUNE — HEN3MEHEHHBIM KOPEHHbIM FnHam,

Mo nnowaaw CKOPOCTY PACTIPOCTPaHEHUR CEUCMWMECKUX BONH Haubonee
HEYCTOWYMBLI B MNOKPOBHLIX YETBEPTUYHLIX FAVHAX W MIOBUM BCREACTBUE WX
HEeBbIAEPXKAHHOCTY MO COCTaBY ¥ (M3NKO-MEXaHW4EeCKUM XapaKTepUCTUKaM.
CKOpOCTHbIE XapaKTEePUCTUKY KOPEHHBIX rNIMH 6onee BLIAEPXaAHbI NO NAOLAAW
w rnybude. flaMHbie O CKOPOCTAX V n Vg, CcOOTBETCTBYIOWNX Pa3fniHbIM
rOPU3OHTAM FIIMHUCTLIX OTHIOXEHUR, npuae,quu B 1abn. 2.2.

Hapaay ¢ 3TUMW OCHOBHbBIMU 33KOHOMEPHOCTAMU BuiNK NOAYUEHLI N ApYTUe
33KOHOMEPHOCTH, YCTAHABNUBAOIWINE CBA3bL MEXAY CKOPOCTHbIMU XapaKTepwvc-
TUKaMM W NOKA3aTENAMU M3UHECKUX 1 BOAHO U3MIECKUX CBOWUCTB TIMH.
B pe3syneTtare craTUCTMYECKOW OBPaBOTKM MAaCcCOBbIX ybTPA3BYKOBLIX Habnwo-
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Ta6nuua 2.1

CKOPOCTH NPOROALHBIX N NONEPEUHBIX CENCMUYECKUX BOMH TNUKUCTHIX TPYHTOS,
no RanvMeim H.H. FopAauxoea, T.A. Nonakoeon {38)

Tun rAMHcTeIX 06pa30BaHKit Vp. Mic Vs, mic Vil Vs
MloKpoBHbLIE YETBEPRTUYHBIE FNUHbE 460—600 145—180 2,9-4
30HLI a3pauum
KopeHHsie rMuHel Bbiwe 3epKana 1380-1940 240—-400 4,6-72
FPYHTOBBIX BOg
Bce BU ALl FMUH B 30HE BOAOHACH!- 1450—-2500 100-400 4,5-16
LiEeHU A

Ta6nuda 2.2
CKOPOCTA COHCMUYECKUX BONH B TANHACTEIX OTNOKEHUAX

T opu30HT T nybuna Vp, mic 1 Ve mic Vpl Vs
f

NMoKposHbIe FNUHUCTEIE 06PA30B3-
HWA Pa3NUYHOKO reHes3uca

30Ha aspaumn 1-5 450-700 150- 300 2,5-33
30Ha BOAONACH)LLEHNA 1100-1400 110-260 5-10
Anoeuia rnux
30Ha 23patuny 5-10 800—-1300 250—-500 2,5-3,3
30H2 BOAOHSECHILLEHNA 1200-160Q0 200-600 2,5-86,7
T )
Kot rmer 2 §.10  1500-2000  450~700  2.5-29

10-20 1900-2500 650~850 2,5-28

AeHUIA Ha 06pa3uax FNMH C eCTECTBEHHOW CTPYKTYPOW BbIABIIEHb! 3aBUCUMOCTYW
CKOPOCTU NPOAOIILHBIX BONH V), OT BAGXHOCTH.

MCCREAOBQHVIH NpoBOANANCE Ha TPEX pa3HOBMAHOCTFIX MaﬁKOﬂCKMX TNnH,
CYWECTBEHHO OTNUYAKWMUXCA [0 MUHEPanorMYeckoMy COCTaBY: KOpPEHHblE
fAWHBl NPEAMYLUECTBEHHO KaONWHUT-TUAPOCTIOANCTONO COCTaga, IMOBUIK 3TUX
MU — MOHTMOPUTNOHUT-TUAPOCITIICANCTONQ COCTaBa, rAuHbl KanMeiKuu npe-
UMYUIECTBEHHO MOHTMOPUNNOHWTOBOrO COCTasa. [ANA BbiBETPENbIX FNMH Nofny-
YeHbl 3aBMCUMOCTH BenuumHb V,, oT BnaxHocty W, {pue. 2.6}, Vp anA obpas-
UOB € BCTECTBEHHON CTPYKTYPOW YMEHLUIRTCA NPW YBENUYeHUW BIaXKHOCTN
{93, 116]. NapannensHoe onpefeneHne OGLEMHOM Macchl cKeneTa vy obpasuoe
C ecTecTBEHHOW CTPYKTYpPOW MOKas3arno, 4To MPpU yBenuueHun snaxHoctv V,
cHmkaeTcA (ABNeHue HabyxanuAal .

XapakTep 3aBucumoctn V, 0T W.y rnuH € PasHbiM MUHEPaNnoryeckum
COCTaBOM HECKONbKO pasnuuen. ¥ Malkonekux rnud KMB MoHTMOpUnnoHuT-
rMAPOCRIOAUCTOrO COCTaBa 3aBUCUMOCTL V, OT W, Bonee pe3Ko BbIpaxeHa,
UEM Y MOHTMOPUNNOHWTOBLIX MK KanMuikuu, MOXHO cHMTaTh, YTO YMeHbile-
HUE CKOPOCTei Vp 8 0B6pa3uax APy yBNaXKHeHUW CBA33HO B MEPRYI0 Ouepeab ¢
YMeHbUIEHVEM ODBEMHOM MacCkl cKeneTa. YMeHblueHue V), Mpy BO3PaACTaHWM
W,y ranH MoxeT BbiTb CBA3AHO TaKXKe M CO CHUXEHUEM NPOYHOCTU CTPYKTYp-
HBbIX CBAR3EH.

3asucumocTy V), OF BNakHOCTM Ha 06pa3uax rinH ecTecTBEHHOMD CrIoYKeHUA
VM Ha ravHncTbix nactax [38] cywecrBeHHo pasnuuawpTcA. Flpy NoBeiLeHuu
BII®HKHOCTH 3aKOHOMEPHOCTL USMEHEHUA V), B FAMHWACTRIX NECTax MNouTY Taxan
e, Kak 1 B neckax {cm. puc. 2.6). Ornnune vabnwopaetca TonbKo 8 obnactu
3HAUEHUN BIIKHOCTH, COOTBETCTBYIOLWEN APKMMEDHO MaKCMManbHOW Moneky-
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OueBWAHO, 4YTO ANA TEPPUTOPUIA PAaCNPOCTPAHEHUA ECCOBBIX FPYHTOB KapTy
CeViCMM4ECKOro MWUKPOPANOHWPOBaHWA CreayeT AenaTe NPOrHO3HOW, yunTbl-
BaOWEN MHXKEHEPHO-TEONOrMYeCKYI0 OBCTaHOBKY, OXWAAEMYID B peaynsrare
33CTPOMKU TERPPUTOPUN.

2.3, TMINHbI

KomnnexkcHbie reonoro-reoduanyeckine CCReA0BaHMA CEMCMUYECK MX CBOWCTE
rMMH  ANA  UeNed  CeiCMUYEeCKOro MUKPOPaUOHMPOBAHWA  BbiNOAKANUCH
NMHUUKCom B 19771980 rr. B paiioHax Kasxaszckux MuHepanshbix Boa
(KMB) v Kanmbikun., O6beKtamu M3yyeHus ABNANUCL MaKONCKWe u aApyrue
ravHbl. OHW M3yvanuce A0 TNY6EuHLI 20 M 1 6onee.

PaBoTbl No n3yueHWIO CeficMUYeCKMX CBOMCTE rfivH NPOBOAUAMCE W paHee,
HO He ANA Uener CeNCMWUYECKOTO MUKPOPANOHUPOBAHUA, M OTAWYANMCL CPaB-
HUTEeNbHO HeBonbwoi (A0 10 m} rnyBuHHOCTbLIO uccneposaduA [38]. B atux
paboTax BCEe rnNUHWUCTble 06pasosaduA Gbink pasaeneHbi Ha ABE KaTeropuu:
NOKPOBHbIE YETBEPTUUYHbIE U KOPEeHHbie MNuHbL. [locneaHUM NPUNUCLIBANWUCH
AOBONbHO CTabunbHbie 3HAYEHWMA CKOPOCTHbIX XapaKTepucTuk, PeaynbraTol
3Tyx pador nokaszavp) B TabGn. 2.1. B nurepatype [87] nomBwnvce gaHHbie O
3HAYMTENBHOM W3MeHeHWM CKOPOCTHBLIX XapaKTEPUCTUK NO rnyBuHe paxe B
OfHOPOAHOW TORULE KOPeHHLIX FnnH. Ha npumepe KemBpUicKux rnvH BuINO
NOKa33aHO, 4YTO C yBeNnuuyeHnem rnyBWHbLl WX 3aneraHnAa OT MOBEPXHOCTU A0
HECKONbKVX COT MeTpOB CKOpPOCTM MPOAOSLHBLIX BOMH Bo3pactawT ot 1200
ao 2500 m/c, a ckopocTy nonepedHbix BonH — oT 140 ao 1200 m/c npu name-
HEHWM OTHOLUEHHA Vp/ Vs ot 8,5 6nuna nosepxHoctu po 2—3 Ha rayBuHe.

B.H. Hukutun {124] nepsbiin noKasan, uTo pes3sKoe WU3MeHEHVE CelCMUYec-
KWX CBOWCTB KOPEHH&IX TIMH B BepXHeWl 4acTu pa3pe3a CBA3aHO C VX BbIBETPU-
BanueM. MImM 6eina npoussegeqa oueHka senvumd V, u V. B anoBuM (Kope
BLIBETPUBAHWA} W HEUIMEHEBHHbLIX KOPEHHBbIX TNUHAX MAWKONCKON Ccepui.
HeusmeneHHbie KOpeHHbie TNMHLL Ha TRy6uHe o 10 M XapakTepu3ylTcA 3Ha-
senuamn V, =2500-2800 M/C, B TO BPEMA KAK B 3NHBUM MPOUCXOAUT pPesKoe
CHKEHNe sennumnbl Vy, ao 500—800 m/c.

N3y4enune cencMUYeCKMX CBOWCTB MUK GbIN0O BbINONHEHO Ha PAAE YYacTKOB
C Pa3nUYHON MOIHOCTBIO 3MKOBUA U MOKPOBHLIX TAWMHWCTLIX OBpasoBaHwui,
NPKU PasHLIX TMAPOTeQIorM4eCKUX U FeOMOPAIONOrnIecKNX ycnoBuAxX it ¢ pas-
NUYHBIM MUHEPanornuyecKnM CcoCcTaBoM FnnH (paboTbl NPOBOAWMIUCE B OCHOB-
HOM Ha BbICOKOAMCMEPCKbIX NOPOAaX C 4MCnoM nnactuiHocTy > 17) . Mpy atux
WCCREAOBANMAX  Obinn  NONYYeHbl CNEAYHLUNE OCHOBMbIE 33aKOHOMEPHOCTM.

B ravMHvcTON TonWe PacnpoCTPaHAOTCA B OCHOBHOM NpPAMbIE U pedparvpo-
BaHHbIE BOAHLY. Peakux NPENOMARIGUMX MPaHUL B TOMLUE MAAKONCKUX FIVHUC-
ThiX OOpa3oBaHWMK, KaK MPasuno, He HabAKAaeTCA, B TOM YUCNE U Ha YPOBHE
30HbI TIONHOTO BOAOHackleHnA. Hanbonswue BepTuKanbHbie FPaaMEHThI CKO-
POCTEN COOTBETCTBYIOT 3MIOBUIO KOPEHHbLIX FAMH W NMOKPOBHLIM TAWHWUCTBLIM
06Pa3zoBaHNAM, @ HAUMEHbLWINE — HEU3MEHEHHBIM KOPEHHBIM CNUHAM.

No nnowaa® cKOPOCTY PacTPOCTPAHEHUA CEeMCMUYECKUX BONH HaubGonee
HEeYCTONMVBL!I B MOKPOBHLIX NETBePTUYHLIX CiMHAX W 3MI0BUMWN BCMEACTBUE WX
HeBbIAEPKAHHOCTA MO COCTaBY U (PUBNKO-MEXAHUHBCKNUM XapaKTepucTukam,
CKOpOCTHbIe XaPaKTEPUCTMKKN KOPeHHbIX rNun Bonee BbIAePKaHbI MO Nnowaam
n rny6uHe. [laHHbie O CKOPOCTAX Vpu Vg, COQTBETCTBYIOWMX DA3NUYHLIM
rOPU3OHTAM FNIMHUCTLIX OTROXEHWUH, NpUBegeHel B Tabn. 2.2.

HapAaay € 3TMMKt OCHOBHBLIMUW 3aKOHOMEPHOCTAMU GbINN MONYHEHL! U gpyTrue
33KOHOMEPHOCTH, YCTaHAaBNUBAIOWME CBA3b MeXAY CKOPOCTHbLIMU XapaKTepuc-
TUKaMK W NOKa3aTenAMU UINHECKUX U BOAHO-QMIMMECKWX CBOWCTB rNWH.
B pesynerarte crtatucTuueckon 06paboTKY MacCOBbIX Y/bTDA3BYKOBbLIX Habmo-
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Tatnwuua 2.1

CHOPOCTHM NPOAOCALHBIX ¥ NONEREYHBIX CENCMUNECKNX BOAN IMUHUCTBIX FPYHTOB,
o panneim H.H. Fopauncsa, T.A. Nonaxosoit [38]

Tun FNrHACTBIX oépasoaauwu J Vp, Mic Vy, mic V! Vs
MNokpoOBHbIe YeTBEPTUHHBIE TNUH b1 460—600 145--180 2,9-4
30Hb1 83paunn
KopetHbie rnvtel Bolte 3eprana 13801940 240-400 4,6-7,2
rPYHTOBRIX BOA
Bce BUALI FAUH B 30HE BOAOHACHI- 1450—-2500 100-400 45—-16
LWernA

Ta6nuua 2.2
CHROpPOCTM CENCMUYECKUX BOMH B TNUHNCTLIX OTNOKEHUAX

TopuaoHt <l Mny6uua Vp, mic LV m/e Vil Vg
Mokpoa#sle rNuHUCTLIE 0Bpa3oBa-
HUR Pa3NKYHOIO reHesnca
30Ma 33pauun 1-5 450--700 150~-300 2,533
30Ha BOAOHACLIULEHNA 11001400 110~260 5—-10
AnwBuiA rAvH
30Ha a3paunn 5—-10 800—-1300 250-500 2,5-33
30Ha BOAOHACKLILEHVA 1200-1600 200--500 2,5-6,7
Hbl }
Ko&?-ﬁafﬂ:ﬂrnbui:toub“ 5—-10 1500-2000 450--700 2,5-29

10-20 1900-—2500 650850 2,6-2,8

AeHMi Ha 06pa3suax rAWH C eCTECTBEHHOW CTPYKTYPOW BhIABNEHbI 3aBMCHMOCTY
CKOPOCTU MPOAONEHBIX BONH V), OT BnaxkHocTy.

Wecneposakua nposo;mnm:b Ha TpexX PasHOBUAHOCTAX MaMKONCKWUX [nuH,
CYULECTBEHHO OT/MYAIOWNXCA MO  MUHEPaNOTUYeCKOMY COCTaBY: KOpeHHbIe
FUHBI I'IDEIAMVLL\&CTBQHHO KaOJ'MHMTTMﬂpOCfHOAMCTOfO cocrTaea, 3J'l|08W71 3TUX
FAUH — MOHTMOPUNNOHWUT-FMAPOCIIOANCTOrO COCTaBa, rnuHb KanMeikun nipe-
MY LLECTBEHHO MOHTMOPUANOHUTOBOIO COCTaBa. JnA BuiBETPENbIX MUK Nony-
YeHBI 3aBUCMMOCTV BENWuWHLI V), 0T BRaxHoctn W, (puc. 2.6). V, ana ofpaa-
OB C ecTecTBeHHOW CprKTYpOM YMEHbLLIZETCR NpU yBenvmeHmu BNaXKHOCTU
(93, 116}. flapannenbHoe onpeaeneHne OGLEMHOW Macces cKeneta ¥ abpasyos
C ecTecTBEHHOW CTPYKTYpPOA NOKas3ano, 4TG Mpu YBeAnueHuW BnaxHocTn V),
CHWXaeTcA (ABNeHne HabyxaHuA) .

Xapaktep 3asucumoctn V, o1 W, y TiuH ¢ PasHpIM  MUHEPanornYecKuMm
COCTaBOM HECKOfbKO pasnmeu Y wmadtkanckux ravt KMB MOHTMOPUNRIOHNUT-
rMAPOCNIOAUCTOro COCTaBa 3aBucumocte V, oT W, Gonee DPe3KO BbipaxeHa,
4eM y MOHTMOPUNAOHUTOBLIX FAUH Kanmbikun, MOXHO c4nTaTh, YTG yMeHbLLe-
Hue CKopOoCTer V B 06pa3uax nNpW yBNaXxHeHUy CBA3AHO B MEPBYI0 O4epens ¢
YMeEHbLLERNEM OD'beMHOM maccel ckeneTa. YMeHbilieHue V), Opu BO3PACTAHUU
W,y rani MoskeT GbITh CBA3AHO TaKXKe U CO CHWHKEHUEM npouuocm CTPYKTYP-
HbiX CBA3EH.

3asucumMacTu V OT BRAXHOCTN Ha 00pa3yax rnvH ecTecTBEHHOMO CROXXeHUA
M Ha FAVHUCTbIX nac*rax [38] cywecreeHHo pasnvuaroTcA. MNpu nossiweHuy
BNaXxHOCTW 3daKOHOMEPHOCTDb U3MEHEHUA Vp B FIMUHUCTpIX Nactax MNOYTU TaKaA
W€, Kak v 8 neckax (cm. pue. 2.6). Otnnume HabnwpaeTca TOALKO B oBnacru
3HAYEHUN BNBXKHOCTW, COOTBETCTRYIOWEN NPUMEPHO MaKcUMansHOW MOReKy-
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Puc. 2.6. 328BUCHMOCTL CKOPOCTU NPOAOALHLIX BOMH B FAVHUCTLIX FPYHTAX OT BAAXHOCTA
7. 2~ oT obvemHon BnaxHocTn (W), no aannbim H.H. MTopaunosa u T.A. Monrkoson
[38]:3 4 — ov mecosoi Bnaxuoctu {(iV,}
7 — necok, K —= 40%; 2 — rnapocnioancTo-kaonuHosan nacta Ky = 52%; 3, 4 — 06pasub!
BbIBETRENOVW MANKOMNCKOW FAMKLI BCTRCTBEHHON CTPYKTYpbl U3 pantona: 3 — Kaekazcknx
MuHepansHeix Boa, 4 — KanMeiknu
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Pwuc. 2.7. 3aBUCMMOCTL CKOPOCTHSLIX XaP3KTEPUCTUK MANKONCKUX [ HnH Vpw VS(M/cf oT
rnyBuHbl 3aneranna

a: - Vps KAOMUHNT-TRAPOCMIOANCTLIX MMHax KMB; 2~ V, 8 MOHTMOPUNNOKUTOBLIX

raousax Kanmeikur; 3 — Vo B ramkax KMB; 4 — Vs B romBax Kanmeikum; 6: 7 - Vp/v.v

anA rnvs KMB; 2 — VP/VS ana ravH Kanmbiken

nanoﬁ BNarceMKocCTun, rpge Haﬁl'IHJAEBTCFl NAOKanpHoOe NOBblLLEeHWE CKOPOCTH

Vp, B onbiTax Ha nactax He yudThHIBAIMCL MPOUYHOCTU CTPYKTYPHbIX CBA3EM.

CpaBHetive pe3ynbTaToB CeMCMOAKYCTUYECKUX HabnogeHwn, BhINOAHEHHbIX

Ha pasnuuHblX 6asax 1 pasHeIx 4acTOTax (CEACMOKApOTaXX U YnbTPassyk) B

ropHeix BbIpaBoTKax, NOKa3ano, YTO KU3KME 3HAUEHWA CKOPOCTEN B 3N0BUM

KOPEHHbIX TNVH OBYCNOBAeHbi TPELMHOBATOCTLIO MPeUMYLLECTBEHHOIO cybro-
PU3OHTANBHOrO NPOCTUPaAHWA, HECMOTpFl Ha TO, 4YTO TpeWwMHb! BbINOMHEHLL

MUHEPANOM APO3UTOM, T'MACOM K1 APYTrMMU, V,, B 3anonHnTene TpeuwuH cocras-
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nAeT npumepHo 350 m/c, 4To u obycnosnusaer obluee NOHUXKEHWe CKOPOCTU
B8 Maccuse rnuH.

Bonpoc 0 BAUAHWM MUHEPANOrM4eCKOro COCTaBa MNUH Ha UX CeACMUYECKUE
XapaKTepUCTUKU n3yyeH cnabo. B nutepatype BbICKa3bIBaKITCA NPAMO NPOTK-
80N0CN0OXHble MHEHUWA O BIVWAHUU Ha BeNU4uHy Vp COAeP>K2HNA MOHTMOPWUNNO-
HuTa. Hanpumep, H.H. NopauHos u .M. Naxosuukun [37], no aaHHbIM Habnio-
AeHUI Ha Manbix rayBuHax {po 3 M), yKa3bIBaOT, YTO NPU YBENMYeHUU B COCTa:
BE TNUH COAEPXaHWA MOHTMOPUNNOHWTA YBennuueaoTea ckopoctn V,. Apyru-
M aBTopamMu [89] nokazaHa NPOTWMBONONOXHAA 3aBUCMMOCTL V,, OT coaepxxa-
HWR MOHTMOPUNNOHWUTA B rAWHax Ha raybuHax 400—600 m. ﬁOﬂ.OGHbIe we
AdHHbIE ObINKM NONy4eHb! HAMKM NPU ONPEeaeneHnM CKOPOCTHBIX XapaKTepucTuk
rNUH B YCAOBUAX eCTECTBEHHOrO 3aneraHuA Ha rnydusax no 24 m (puc. 2.7).
MoK asaHHbie PacxOXAeHUA MOTYT BGbiTh OBBACHEHBI PaSNUYHLIMU YCAOBUAMY
IKCMEPUMEHTOB.

Mpur Habniogenuax Ha mManbix riyGuHax u ocoBerno Ha oBpasuax B nNpouecce
c¢B060aHOro HabyxaHWA CKOPOCTU BO3PAcTalOT BCNeACTBUE 3AKPBLITUR TPELUMH
npw HabyxaHui. [pu 3TOM UMEHHO MUHEpan MOHTMOPWINOHUT, 0BnaaalLLni
O4eHb NOABWXKHON KPUCTANNNYECKON PELLIETKOW, CnOcO6CTBYET MHTEHCUBHOMY
HabyXxaHul W, CNeAOBATENLHO, KOCBEHHO HEKOTOPOMY YBENUUEHUIO CKOPOCTY
B OTCYTCTBUU AABNEHUA.

CoBCceM WHAA KapTWHA HAGNIOAABTCA, €CAM FNUHbI MOHTMOPUNAOHUTOBOTO
COCTaBa 3aneraioT Ha BONbILMX FAYBUHAX U MOABEPTalTCA AABREHWIO, NPEBOC-
XOAAUEMY fasneHue HabyxaHWA. Beino nokasano [89], uTo Ha BoribwwKx ray-
6UHax MuHepan MOHTMOPUANOHWUT CnocobeH yaepXuBaTe BOAY M, CNeaOBaTens-
HO, COXPAHATH CBOKD KPLCTaNNNYECK Yo pelueTKy B 6onee "pbixnom’’ cocToaHuu,
YeEM, HaNPUMEpP, KEGONUHUT U MMAPOCIINAE.

Monyuennsie 3aBnoumoctn (cm. pnc. 2.7) V, u Vo oT rnybuHel ans mai-
KORCK#UX MNUH KaonuHUT-rugpocmoauncroro cocTasa KMB ¥ moHTMmopunnonuro-
BOro coctasa KanmbiKuMKU MOKaE3biBaOT, HTO Ha OAMHAKOBLIX MybuHax nepBeie
06nafaloT 60Mee BLICOKMMM 3HAYEHUAMU CKOPOCTEN CEMCMMUYECKUX BOMH.

OTHoweHue Vp/ Vs y 3Tux aBYX TUNOB FNWH TaKxe pa3nuyHo. B nepsom
cnyvae oHo paBHo 3, a 8o s8TopoM — 4,4, 3T0 OTHOWEHKE, KaK cnegayeT M3 MHO-
rux paboT [166], xapakTepuayeT MPOHYHOCTb CTPYKTYPHBIX CBA3EH B8 MIMH3X
W, CYAA NO HAWWM AaHHLIM (puc. 2.7), B HEKOTOPLIX CNYYAAX MOXET CAYXUTb
KOCBEHHbLIM KPUTEPUEM B OUBHKE MUHEPaNOru4ecKoro cocraga.

B 3aKknoueHWe OTMETUM, YTO NPUBEAEHHbIE BbILUE Pe3yNbTaThbl UCCNEAOBaHM
ABNAIOTCA AEPBLIM WaromM Ha fyT UCCNeAO0BaHWA CEVCMUYECKHUX XapakKTepuc-
TUK [AMH ANA CENCMUYECKOro MUKPOPaNOHWPOBaHUA. [ansHerllee wayyeHue
rAWH creayetT NPOBOAUTE € YHYETOM X MHXXEHEPHO-TeONOrMYecKUx CBOWCTE,
MUWHEPanorMyecKoro COCTaBa, XapakTepa CTPYKTYPHbIX CBA3eH, TePMOAWHAMU-
4EeCKOW OOCTaZHOBKM M APYIUX 0COBEHHOCTEIA OKPYKAOULEN Cpeabl.

2.4. KPYMHOOBNIOMOYHbLIE FPYHTbI

KpynHoobnomouHble rpyHTsl, NPeACTaBNeHHbie Pa3HoOBPa3HbIMU BanyHHO-
raneyHWKOBbIMY, APECBAHO-LLEOHUCTLIMY W FPABenuCTbIMKU OTNOXEHUAMU C
NeCHAHO-FNMHUCTbIM 3aNONHUTENeM, LWMPOKO pacnpocTpaHeHsl B ceﬁcmmecxmx
panoHax. OHu cnaratotT KOHYCh! B6IHOCA, NOMMbI U Teppack! PeK, CKIIOHbI FOPHBIX
COOPYEHU, 33NONHARIDT MEXIOPHble A0/IUHBI M KOTNOBKUHBY. MoLwHOCTL Kpyn-
HOODMOMOUHBIX OTIOXEHWA MOXET WIMEHATLCA OT HECKOMbKMX A0 MHOMUx
COTEeH METpoB.

Mo cBOMM CEACMUYECKWM XAapaKTEPUCTAKAM KPYNHOOGAOMOUHbIE TPYHTbI
3EHUMAIOT NPOMEXKYTOHHOE NONOKEHUE MeXAY CKaMbHbIMU U NECYAHO-TUHNCTI-
MW FPYHTaMu, M3yyeHue nx ceMCMUYBRCKYX XapaKTepuCTUK (B NepBYylo ovepeab
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Yy bs, mic Puc. 2.8. 3aBucumocts ¥y, u Vg anm

7 W 2000 KPYNHOOBNOMOUHLIX TPYHTOB OT rny-

BWHLI 3aneraHKA, COCTaBa 32NONHKTENA
W 0BBOAHEHHOCTH

TaneyHMKn ¢ NeC4aHbLIM 3aN0NHUTE

nem (no W.I. Mungenw): 7 - vV, B

HEBOAOHACHI WEHHbIX, 2 — VS 8 BDAO-

HachiwenHuix; 3 ~ V B HeBOAOHACHI-
ULBHHBIX

/g Faneysnkn € FNUHNCTLIM 33NonHY-

trenem {(no A.8. lepacaMmoBy}: 4 —

Vp B HEBOAOHACKIWEHHbIX;, 5 -~ Vp

8 BOAOHACklUeHHbIX; & — V(B HeBO-

AoHaublWeRHbIX; 7 — V, B Boaowacsi-
LUBHHBIX FOYHTEX
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CKOPOCTEA pacrpOCTPaHeHWA CeACMUYECKUX BOAH) MpPeacTaBnAeT GONbLUIoH
NPaKTUMECKUA AHTEpec, TaK Kak aTU rpyHTbl B 60NbWWHCTRE CRYYaeB NPUHUMaE-
10T 33 cpeanvie. B pAae paboT NO CENCMUYECKOMY MUKPOPaNOHUPOBAHWUID OTME-
43eTCA OTCYTCTBAE 33METHON 3aBUCMMOCTM V), ANA KPYMHOOBNOMOMHBIX IPYH-
" To8 oT obsoareHnocTn [115]. OnHaxko B 3Tux paboTax yaeneHo HegocTaTouHoe
BHVUMAaHUE XaPaKTEPUCTUKE COCTaBa 0BNOMOUHOIG mMarepvana W 3anonHUTENA.
OuesnaHo, cTaBUABHOCTL CEMCMWYECKUX CBOWCTE COXPAHARTCA ANA XOpOLWO
OTCOPTHPOBAHHLIX ¥ YINOTHEHHLIX BasyHHO-TANEUHMKOBBIX OTNOXeHun [114].

Ha OCHOBaHUM KOMIIEKCHbIX WUHIKEHEePHO-FeonorMvecKmnx 1 reonsnuecKux
UCCNEAOBaHNI, BbINONHEHHBIX ANA Uefek CeRCMUYLCKOrQ MUK POPRaUGHUPOBaHNA
8 Bocrouynom Npuvccbikynse [109], B ropHbix pavioHax Typxkmexun (114}, B
Cegeproit Monronun (186), 8 Kazaxctave n KMB, a Takxe panHbIX, NDUBEAEH-
HbiX B 0630pHbix pabotax [62, 114], BelABAEHLI HEKOTOPkIE 3aKOHOMEPHOCTH
MAMEHEHNA CKOPOCTe PacnpOCTPaHeHnA NPOACALHBIX U NOMEPEYHLIX BOSIH W
VX OTHOWEHWIA ANA HEKOTOPLIX TUNOB KPYNHOOGNOMOUMbLIX FPYHTOB.

Mpexxfe BCEro HEOBXOANMO OTMETUTh, HTO TPaBUARO-ranewHItKoBbIe OTNOXe-
HMA ABMAKOTCA FPagMeHTHLIMK Cpesamu, rae V, u V, nocTenedHo HapactawT c
rnyGuHon. B ApecBAHO-LWEOHUCTLIX FPYHTaX B OTNM4Me OT nepebix pedpakuna
ceMCMUYECKUX BONMH HabBMioAaeTCA 3HaunTesbHO pexe. B Hux npeumMyutectBeHHO
PerucTRUPYIOTCA NPAMLIE Y FIPENOMIIeHHbIE BONHEI. B 3asucumocTu o npeobna-
AaoLed OPUERTUPOBKU OBNOMOYHOrO MaTepnana ToNia APECBAHO-WEeOHUCTbIX
FPYHTOB MOXKeT 06n1agaTh 33MeTHOW CKOPOCTHOWM aln30TpOnuen.

AnAa rPyHTOB NCCNEAOBaHHbLIX PANOHOB ANaNa3oH namedenna V, u V. eceMa
aHayuTeneH. Hanbonee Muakne 3HaYeHns CKOPOCTEN XapaKTepHbl ANA KPYMNHO-
0BNOMOYHBIX FPYHTOB C BbICOKUM COALPXKAHMEM NeCYaHO-MNMHUCTOra 3aN0NHU-
Tena {ao 30-40%). CKOpPOCTHblE XapaKTEPUCTUKU BaANYHHO-TANEYHUKOBbLIX
OTNOXEHUW 3aBWUCAT B MEPBYIO OYepefb OT KOMUYECTBA M COCTaBa 3an0NHATENA
W cTeneHu BOAOHACKILEHHOCTH.

BnuAHue atux (akTOpoB MOXeT BbiTe PACCMOTPEHO Ha NpUMepe BanyHHO-
ranedHnKOBbIX rPyHTOB ropoaos lNpxesanbcka v EccenTyxun,. B nepsom cnyvae
BanyHbl ¥ rancka NPeACTaBMNEHbl rPaHUTaMK U FPAaHOAVOPUTAMA, 3anonHnTens
(15-30%} npeumyuleCTBEHHO TMeC4aHbidA C BKAKYEHWeM rpasuA. Bo BTOpOM |
cnyvae npeoBnagan rauHUCTLIA 3anonHuTens (30—40%) (pwc. 2.8). Cosmecr- i
HbIA aHaNU3 OCPEAHEHHbIX 3HAYEHWUR CKOPOCTEN NO3BONUN YCTAHOBUTL CEAYIo- i
wne 0Co6eHHOCTH,

1. B HEOOGBOAMEHHBLIX TPABUMUHO- WM BaNYHHO-TAfIEYHUKOBLIX OTNOXEHMAX C
NecyaHbIM 3aNonHuTenem 3HaveHuA V, gospacTaoT ¢ rny6uron o7 500—-800 m/c
Ha raybuiax 1—6 m o7 nosepxHocTy Ao 1500—2500 m/c Ha ray6unax 20—30 m
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n Vi — o1 250—-400 m/c 86nu3u nosepxHocTn Ao 1000—1500 m/c Ha rny6uHax
" 20—-30 m, Vp/Ve=15 +25.

2.B Tex e rpyHTax, Ho OGBOMHEHHbIX, 3HaYeHUA Vp Ha BCeM WHTepBane
raybuH Boille, 4eM B HeOBROAHEHHbIX, U M3MEHRIOTCA 0T 1500—1800 m/c B6AMan
noBepxrocty Ao 26003000 m/c Ha raybuHe 30 M. 3Havenna V tarxe uame-
HAKTCA C rNybuHOW, HO MeHee WHTEHCUBHO, 4emM B HeOBBOAHEHHBIX, MOV 3TOM
Vp/Vg=25 +35.

3. B Heo6BOAHEHKLIX TPaBUHO-TaNeYHMKOBLIX FPYHTaX € CYIrNMHUCTbIM
3anonMMTENeM Tak>ke HaBROLaeTCA HapacTaHMe CeNCMMYECKMX CKOPOCTen ¢
rny6uHoi, oaHako no abcontoTHoi BennuvHe aHayeHnA Vp soiie, a Vi — Huxe,
YeM B aHaNOrU4HbIX FPYHTaX € necuaHbiM 3arnonHuTeneM. HepaBHoMepHa Takxke
WHTEHCUBHOCTL MIMEHEHNA CKOPOCTEN, B Pe3ynbTaTe 4ero ¢ rnybuHon yegeanun-
BaeTCA OTHOwenne Vp /V; = 2,3 + 35.

4. Mpy BOAOHACHILLEHWN TPYHTOB € FAUHUCTBIM 3aMORHUTENEM TNPOUCXOANT
HE3HaYMTENbHOE yBENuYeHue V, u ymeHuiuedne V. OtHotwerne Vp, / Ve = 2.8 + 4,2,

BbiABREeRKbie CENCMUYECKUe oco0beHHoCTU HeoBxoanMmao NpuHUMaTs B0 BHUMa-
HWe Npu pacyeTax Npupawenna 6anna no cnocoby CeMCMUYECKUNX YKECTKOCTEN.

Benuunha OTHOLLIEHWA CENCMMYECKUX CKOPOCTEN MOXKET CNy>KMTh KAYECTBEH-
HOW XapaKTepuCTUKON MEXAHWYECKOW NPQYHOCTU TPYHTA, 4TO TaKKe AOMKHO
YYUTBIBATECA NPY CEUCMMYECKOM MUKPOPANOHUPOBAHWK. YBenudeHue oTHOWe
Hua Vp/V; B BOAOHACHHLEHHBIX KPYNHOOBROMOUHBIX FPYHTaxX CBUAETENLCTBYET
O HEKOTOPOM yXYALUEHUM UX MEXAHUYECKUX CBOMCTE B CPABHEHWM C BOIAYLLIHO-
cyxumu. CriepyeT OTMeTUTL, YTO ANA HEBOADHACHIUWEHHbLIX MECYaHbIX FPYHTOB
Vp/Vi= 15 +25 (kak u ana kpynHooBROMOYHbIX}, a ANA BOAOHACKILLEHHbIX
Vp/Ve=T7+8.

Mo gaHHsIM cedcMonoruyeckx HabnoaeHuit 3a cnabviMy 3eMNETPACEHUAMM
Ha Y4acTKaX, CNOXEHHbIX KPYRNHOOONOMOUHBIMY FPYHTAMU, NPUPALLEHNE CENCMU -
4EGK O WHTEHCMBHOCTU 38 CHET MECTHBIX YGNOBWIA MOXET KonebaTeCA B Npeae-
pax 1 6Bann oTHOCUTenwHO ¢oHOBOK BannbHOCTW. [na Bonee 0bocHOBaHHOM
OueHKU npupaleHns BanneHocTM TpeGyeTCcA TWATeNbHbLIA aHANM3 QCHOBHbIX -
haKTOpPOB, BNUAKLLMX Ha celcmuueckinin addexT. K HUM, KpoMe pacCMOTpeK-
HbIX, OTHOCKMTCA {PaHYNOMETPUYECKUA U NUTONOFNYECKWWA cocTaB 00fIOMKOB,
“x hopma, yNakoBKa 1 NMOTHOCTb. .

2.5. MEP3NBIE FPYHTLHI

B BocTtounonn CuBupM wupokoe pacnpocTpaHeHWe UMeT BevHoMeparsle
rpvHTbl. CBOWCTBA MEP3ALIX MPYHTOB OfIPERENAIOTCA NPEeXAae BCEFO UX Temnepa-
TYPOA U COOTHOWEHWEM TakKuXx KOMNOHEHTOB, Kax TEBepAble MyIHepanbHble
YacTUUb!, BKIOMEHWR nNbAa, HesaMmep3tuen sofibt W rasa {184]. Wamewenue
TEMNEPATYPbI MEP3MbiX PYyHTOB FAPUBOAUT K HAPYLUEHUKD AVHAMUYECKOI O
PAaBHOBECWMA He3aMep3Lleld BOAbl ¥ Nbla U Pe3IKOMY U3MEHEHUK CBOWCTB rPyHTa
{183].. MenreTcA B 3TOM Cnyuae v peakuvA Mep3abiX TPYHTOR Ha CelcMuyec-
kune Bo3gencTeuA [165]. [nA yU3yYeHUAa OMHAMMKN CeRACMWMECKUX CBOWCTE
Mep3fibIX FPYHTOB NPWU HapylueHW PABHOBECHOTO COCTOAHWUA W OBOCHOBaHWA
METOAUKUN pacueta wX CelMCMMnYeCKO OnacHOCT HeoBxoanmo yCTaHOBUTL
ONPEAENEHHbIE B3aWMOCBRA3U MEXAY MEXEHUUECKUMU, (DU3KYECKUMU U CeACMU-
YECKUMY NnapameTpPaMu Mep3nbix rPyHTOB. lNocTaBneHHad 3aga4a peanvsyevca
10 AaHHsIM nabopaTopHbiX UIMEPEHWH ANA KOHKPETHbIX TUMOB TPYHTOB NpU
COBMECTHOM aHanuie TakWX apaMeTpos, Kak 0O0bLemMHbid BeC, NOPUCTOCTS,
BNAaXXHOCTb {NLAUCTOCTL), TemnepaTtypa, CKOpOCTH PacnpOCTPaHEHNA CercMmin-
YEeCKUX BONH, yaefibHOe 3NeKTpu4eCcKOoe CONpoTHBheHne, AVHaMUyeCKue MoAynu
yrpyroctu, koaduuneHT MNyaccora U Npeaensl MPOYHOCTHY NPU KPaTKOBPEMEH-
HOM CXKaTuu U pacTAXeHWW. PaccMaTpUBAOTCA KPaTKo Y4 pe3ynbTaTel NOMeBbIX
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TaBGnuwua 2.3
Duanseck ue CROMCTBA rpyHTOB

DpPakynn, MM
Tun rpyHta e
10-2 2-1 1-05% 0,5-0,2%
— } JE—
1
KpynHooBNOMOuHbIN 51 7 14 23
MecyaHbiR 16 e] 56 18
Cynece - 5 12 21
CyrnnHox - - - 8

M3MEPEHUN CKOPOCTEN NPOAOALHLIX U NONEPEYHBIX BOMH B MEP3MbIX NECYaHBLIX,
FPy600BNOMOUHBIX Y CKaNbHbIX TPYHTAX.

B naGopaTopHeIX YCNOBWAX METOAUKA W3YYEHUA CBOWCTB MEP3NbLIX TPYHTOB
6eina cneayowen. CKopocTn CENCMUUYECKUX BONMH MIMEPANUCE € NOMOWLBIO
YNbTPA3BYKOBLIX CEMCMOCKONOB. Mpu BoByXaeHUM ynpyrux 8ONH MPUMEHA-
nucL v3nyuatenn ¢ cobcTeenHow wactoTon ot 70 Ao 1,5 MiTu. Mpn nsmeperun
CKOpOCTe# MNONEPeYHbiXx BONH WCMONb3OBAAUCH HAATYAKW CO CHELMANTBHLIMKU
HacagxKamu, KoTopble obecneunBany HeoOXx0AUMYIO HanpPaBNeHHOCTb NPY U3NY-
4eHUUW U NPueme curHana. NamepeHnA NpoBOAMNUCHE Ha obpa3uax CYrnUHKOB,
cyneceit, NECKOB U KPYNHOOBGMNOMOUYHLIX TPYHTOB. PU3INYECK e CBOUCTRA FPYHTOSB
npueeaeHbl B8 Tabn. 2.3. Temneparypa wWccneayembix o6pa3uoB MeHAnace 8
npeaenax ot 0 ao ~10° u snaxrocts — o1 0—10 ao 100%. Mpu QOCTUKEHUU
NOMNHOM BNAar0eMKOCTA rPYHTOB AdNbHellee yBEAWYeHE MPOLBHTHOTO COfepXa-
HWUA NbAa 8 06pPasue AOCTUranoch yMeHbLUBHUEM 40 Hyna oGbema MUHEPanbHbiX
Yyacruu.

PagHoOBECHOE COCTOAHME He3aMep3iueld Boab! U Nvaa B obpasuax npy onpepe-
NEHHON TemMnepaType KOHTPONUposanocs AsyMA cnocobamn. Bo-nepsbix,
U3MepEHUAMN TeMNeparypsl BHYTPKW 00pasua n B KpuoKamepe u, BO-BTOPbLIX,
KOHTpONeM BpemeHu NPOXOXAEHWA yNbTPasByKa 4epe3 obpaseu. B nocneanem
cNyvyae ynbTPasByKOBble AATYNKMN MOHTUPOBENNCL NONHOCTHIO B8 BOAOHACHIWEH-
Helg. 06pa3ubl ¥ M3Meperne BPeMeHn NpoBoaunocs vepes Kaxaste 0,5 4, MNocne
cTabunuzaunu TeMnepaTypet n Bpemenu npobera ynbTpazsByKa 8 0bpaaue nposo-
AMNOCE U3MepeHUe HeabXoanMbIX FeotM3nyecKux fapameTpoB HenocpPeacTBeH-
HO B Kpuokamepe. YpenbHOE 3eKTPUYECKOE COMAPOTUBNEHWE WIMEPANOCH
CUMMETPUUHOR YeTbIPeX3NeKTPOAHON ycTanoskon [194].

anf UCNBITAHUMAX Ha CXaTue u paspsbiB oﬁpaaubl ApuroTasnuBanucb 8 cne-
unanbHblX opmax. Pazmep yacTu obpa3uos, NOABEPraemMon PaspbiBy, COOTBET-
cTBOBan pasmepy obpasyoB MCRLITbIBaEMbIX Ha Cxathe (Avamerp 6 cm, BbICO- |
1a 5 cm}. WcnobiTakve o6pa3uoB rpyHTa Ha €katie u paspbiB OCYLWECTBAANOCH
YHUBEPCansHOA Pa3pLIBHON MALLMHONM C UeHon aenedna 10 Kr.

foneable M3MepeHNA CKOPOCTeR P- 1 S BONH BLINOMHANNCE C NOMOLWLIC
cepuiitbix 30- WM 48-KkaHanbHbIX CTaHuwi NO CTaHAapTHON Metoguke [167].
CocTaB W COCTORHME MN3Y4YaeMbiX FPYHTOB ONPEAENAnvCh NO AaHHbLIM UHXEHEeD-
HO-FeoNormYecKkux M3bICKaHWil u AaHHbiMK Bypenna.

Mpoanannanpyem Bhavane pPe3ynbTaThl NaBoPaTOPHLIX WU3MEPEHWA CKOPO-
CTell NPOAQNLHLIX U NOMEPEYHbIX BONH B 3aBUCMMOCTK OT Temnepatypel (7) u
gaaxHocTy (W) anA rpyboobnoMouHbiXx rpyHYTOB, NECKOB, Cynecel w cyr-
NINHK OB,

B rpy6ooBaomouHbix rpyHTaX WU3MepeHHbie 3asucumoctu Vi, = £{(TW],
Vo= (TW) w V,/V =f(TW) moxHo pazsenuTts Ha Tpu ydactka (puc. 2.9).
MepBbivt YYACTUK A0 Havana UemMeHTauun rpyHTa (Mopo3Hsie FPpyHTLI} C BRax-
HocTbtd 0T 0 Ao 5% noKasbIBaeT, YTO CKOPOCTM NMPaKTUYeCKW He 3aBWCAT OF
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. ®pakunA, mm 1 ::ggzuan l‘lnmsuocn, | Nopucrocs,
' 0,250,005 | 0,05—0,002 3,002 emd ricm C%
b — ! ;
5 - — 2,71 21 22,6
1 - - 2,68 18 329
62 - - 2,70 1,7 37,1
22 58 12 2N 1,65 38,0

TEMDNEPATYPh! U UX OTHOLUEHWA UMET HauBonbUMe 3HAYEHUA NO CPABHEHWIO ©
APYTUMU y4aCTKaMKU KPUBLIX, pasHbie 2,3—2,4.

BTopoit y4acTok oOxBaTbiBaeT AWANa3o0H WIMEHEHWA BNaXKHOCTW OT Havana
LEMEHTALUKW TPYHTE NBAOM A0 MOMHOro HacbiweHuA. CKOPOCTU NPOAONbHLIX
BOJIH M™ 310OM yHaCTKE KPUBGOW YBENMuUBAWTCA B 7—8 pa3, a nonepeuHsix —
B 10 pa3. Takoit xapaKvep U3MeHEHWR CKOPOCTEN NPUBOLNT K YMEHBLIEHUIO UX
oTHoweruA oT 2,3 go 1,9 npu Temnepatype, pasHoit —10 . Ha aTom yuacTke ¢
pPOCTOM OTPUUATENLHOW TeMNEePaTypbl HanbonbswMe 3HAYEHUA CKOPOCTEN OTMi-
4atoTCA APW NOMHOM HAaCbIUWEeHUW TPYHTa BOAOW W bAOM, a OTHOLWEHUe CKOPO-
CTei C POCTOM TEMNEPATYPhI U BNAXHOCTU YMEHBLLIZETCA.

Tpetnit y4acTok, rae BRaXHOCTL yBenuuisaeTcA Ao 100% 3a CueT yMeHblue:
HWA oBbema rpyHTa, XapaKTepr3YeTCR CHUIKEHUEM 3HIAYEHNH U YBENUYeHUEM UX
oTHouw!eHnA A0 2,1. B 3aBMCMMOCTM OT TemnepaTypbl xapakTep M3MEHEeHWA
CKOPOCTE Ha 3TOM y4acTke umeeT cneayouime ocoberHocTu. C noHn>keHWem
Temnepatypsl ot 0 a0 -10° CKOPOCTh MNPOAOCMEHLIX BONH yBeNMYMBaeTCA Ha
40—250 m/c B 3aBMCUMOCTY OT BRANKHOCTH, a nonepeyHbix — Ha 180—250 m/c.
HeoAnHakoBoe yBenvueHUe CKOPOCTEH NPUBOAUT K YMEHLLUBHWIO UX OTHO-
WEHUA C YBEMUYEHVWEM BNAKHOCTY, MPWYEM C NOHUKEHMEM TEMfIepaTypb!
Vs /V; yBeanuuBaeTcA.

B neckax xapaxkTep uameHenua Vs, Viny, /Vs ¢ n3MeHeHvem Temnepatypbl
1 BAE@KHOCTY OCTAETCR TAKUM XKe. OnHaKo OTMeMaOOTCFi cneayowme ocobeHHo-
CTU: cKopocT £ n S BORH ANA KaXAOr0 (PUKCUPOBAHHOIO 3HAYEHWA BNAX-
HOCTW HECKOMNbKO MeHblue, 3aBuCUMOCTL V), u V, 0i TeMnepaTypwl BO3pac-
TaeT, AWANa3oH u3ameHeHuA V/V; cneuraetcn B CTOPOHY BOMbLUMX 3HAYEHW
MEHAACL B 3aBUCHMMOC™U OT Temneparypm u mnaxHocTh ot 1,8 po 2,5 (cw.
puc. 2.9 .

B cynecAx HabniopaetcA HEKOTOPOE W3MeHeHdue B BEeNVHYMHAX v xapaKTepe
cBA3eR n3ayvaemblx napameTpos ¢ Wu T. Mpu temnepatype —10° C 1 3Ha4eHnAx
BRaxHocTh, 6nmsikon Kk 30%, V, n V aocturawT makcumyma. C noesiieHvem
TEMMepPaTypbl MaKCUManbHbIe 3HAYEHUR CKOPOCTEeR CABMIalOTCA B CTOPOHY
yBEfIMUeHWA BNaxHOCT rpyHTa (cm. puc. 2.9,8). OTHoweHwe ckopocTen <
YBEfIMYLHNEM BNAKHOCTU YMeHsLUaeTcA oT 2,6 ao 21:1 npy Temneparype, 6auz-
Ko K Hynw. C noHwkeHwem TemnepaTypbl A0 —10 3HauveHue V, /V; yMeHb-
waeTcA Ao 2 npy W=100% u ao 1,85 npn W=237,4%.

Ana cyrnvukoe {cm. puc. 2.9,2) nepBolit y4acTOK € ManbiM rpagueHTom
CKOPOCTeit 0XBaTbiBaeT BONLLLOK AVanNasoH nameHeHnsa Bhaxdoct ot 0 Ao 10%
M vMeeT MaKcuManbHeie 3HaveHua V,/Vy no OTHOWEHWo K PacCMOTPEHHLIM
BbilLe TUNaM MPYHTOB, PaBHble 2,25. Ha sTopoM yuyactke (W =10-40%) nabnio-
NAETCA WHTEHCWBHBLIA POCT ckopocTer. Tpetun yuactok (W/=40—100%) Takxe
XapaKTepusyeTcA ysermueHuem Vp w1 v, HO MHTEHCMBHOCTL X POCTA 3aBMCKT
OT TEeMAepaTypb! — OHa MeHblLue npm T=-10" v 6onbiwe npu T =0° . OTHOWekMne
CKOPOCTeln B 3aBMCUMOCTM o7 7 u W xapaktepuayeTcA MaKCUManbHbiMn 3Haye-
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Tabnuua 2.4
3HaveHuR KoXPDUUMEHTOB ypasHeHuA (2.1) ans paanuuHbIX THROB rPYHTOS

| Tun rpyHTa ﬂ:::a;z::atn.;suenua Vp.mic | by s Vs, mfc by
KpynHOOBN0MONHSIN 10-70 140 013 70 0,74
MNecox 11-80 200 0,18 140 0,53
Cynece 14-50 175 0,37 120 0,62
Cyrantox 16-50 150 0,52 110 0,65

Huamu 2,4 nNpu BIAXHOCTH, pasHoi 12%, u Temnepatype 0°C v MUHUManNbHbLIMK
npu 7=—10" n W=44%.

BenuunHy uameneHna V, n Vs AnR paccmoTpeHHLIX PasHOBUAHOCTER FPYHTOB
» B WHTepBane nameHeHur Temneparyp o7 0 no —10° v npu BR@KHOCTH, BAU3KON
) _K MONHOMY BOAOHACHLILEHUH TPYHTA, XapakTepusyrT rpadku, npeacragnel-
Hble Ha puc. 2.10. WATexncueHOCTL pocraV B KPYNHOOBNOMOUHBIX W NEcYaHbIX
TpyHTax npu Temneparype, 6anakon k 0, Menbute, vem V,, a B uHTepsane
T=-2°+-10° npupatlieHne cKOpoCcTH rnonepedHblx Bond Bonbwe, Yem npo-
AOMNbHbBIX. B CYFNMHKaX 1 CyrnecAx 3aBMcMMocTs AV, u AV ot T no xapakTepy
1 No BenMYMHe naeHTUYHLI, ONUcCaHHaR 3aKOHOMEPHOCTL pocTa Vi, u Vi u onpe-
LENRET YMeHbLIeHNe X OTHOLUeHWA TeMNepaTypbl Mep3fnoro rpyHta AnA Bcex
3HAUEHW N BNAXKHOCTHU, BKIIOUan u nea {BnaxHocts 100%) .

PaccmotpeHHbie ocoberHocTu usmenenua V,,, Vou V,/V; nossonunn  Beipa:
3UTb 33BMCUMOCTL MHTEHCMBHOCTN pocta Vi u V ot Temneparypbl ana onpeje
NEeHHbIX UHTEPBArIOB M3MEHEHUA enamuocm B Buge

AVIT) =V, TP, (2.1)

rae ¥ — Moayns TeMNepaTypbl Mep3noro rpyHTa; Vo, 5 — yBenuueHue CKOPOCTH
APOAONBHBIX UM NONEPEUHBIX BOMH NpM nonm«enuu TemnepaTypbl MepP3noro
rpysTa o1 080 —1°

B rtabn. 24 npmseneubl 3Havenun Vp ¢ W bp o U yKasaHbl AManasoHbt U3MeHe-
HWA BRAXHOCTW (B3ATblE W3 rpatvkoB puc. 2.9}, ANA KOTOPbIX YCTAHOBAEHHbIE
33BUCUMOCTM B Buae (2.1} COOTBETCTBYHT 3KCMEPUMEHTaNbHBEIM AaHHbLIM C
OTHOCUTENBHON OWNBKOR, He npesbiwarowweir 10%.

Takum 006pa3om, MONYYEHHDLIE 3KCMEPUMEHTanNbHbIE JaHHble MNO3IBONAOT
oueHveatb V,, Viu Vp/Vs ana onpedeneHsibix Tunos rpyHtos (1abn. 2.4} no
M3BECTHbLIM cbnsuqecxmm napameTpam {(0BvemMHbIt BeC, MOPUCTOCTL, TeMnepa-
Typa, BNaXHOCTE} 1M NPOrHO3Mposarts NO 3aBLCUmMOCTH (2.1) uaMeHeHne cKopo-
CTEN CeMCMUYECKUX BOMH B eCTECTBEHHBIX YCNOBMAX NPV HapyLieHWn TemMnepa-
TYPHOIO PeXMMa MeP3N0Thl B pe3ynsTaTe CTPOUTENLCTBRA.

MpoaHanuaupyem ANR nNecuaHblX U KPYNHOOBAOMOYHBIX FPYHTOB 3aBUCK-
MOCTb OT TemnepaTypbl ¥ BRAXHOCTW TaKUX NapamMerpos, KaK npeaenbi NPoY-
HOCTU Ha CXaTue WU PaspsiB {NpW MrHOBEHHbIX Harpyskax), AvHamuyeckue
MOAYNY yNpyroctn, koadgpuuneHT (TyaccoHa U yaeneHOE 31eKTPU4eCKoe Conpo-
Tuenenue (P} .

W3MepeHuA npoBoannvce npy Temnepatypax 0, —2, —5, —10°C v BnaxHocTy
or 12 ao 33% anAa neckoe M oT 9 ao 22% anA rpy6006nomomux rPYHTOB.
Mpy w“enbITalun Ha MIPOMHOCTE HABRIAAETCA 3HAYUTENbHBIA Pa3bpOC AaHHLIX,
KOTOPbLIA 06BACHAETCA HEPaBHOMEPHLIM pPAacApPeAeneHeM CBA3EH Mexay BOAOHR,
NbAOM U MMHepaNnbHbIMM  YacTuuamu rpyHra. CrabuncHee pesynebraTel NpW
MONHOM HacbIlWEHUN FPYHTa BOAGK U NBAOM, YunThiBaR CKa3aHHOE, ANA KaXKAO-
o 3HaYeHUA Temneparyps! U BNaXxXHoOCTU npuroTasnuBeanocCt No 4 OANHAKOBLIX

35




2 xec/em< V4 |
|
700 P i
s
4 L e-SF7
r
oA
/|7 —pe
I/ JV i J
/4 4 > -
‘ ///l //‘
-/ L/
' ,,‘
" -_a_/[d
oo~ 50
%_—-&-—O—O_Z e
7 : v
Y/ 20 /74 4 /4 20 W, %

P wnc. 2.11, 3aBucumMOcTe Npeaenos NPpoYHOCTY Ha cxatne {7) v paspsiB {2) oT Temneparty-
Pbl U BNAXHOCTH NecxoB {a) n rpy6oobromoumbix rpyHtoe (6)

obpasua. Kpome TOro, NpeaABapuTENbHO OUEHWBanace NO CKOPOCTAM pacnpo-
CTPaHeHWA yNnbTPa3sByKa B PasfNuMHbIX HanpaBneHUAX MX OAMOPOAHOCTb. Bbino
OTMENEHO Chefyuwee: BpeMA MNPOXOXAEHWA YeTpassyKa B HanpasneHnun
NPUNOXEHNA Harpy3xu cnabo KOppenupyeT ¢ pasbpocoM 3HaueHni P, v Ppa..
Mpyu npoceeunBaHn 06pasua NepreHANKYNAPHO NPUNaraemMon Harpy3ke aHo-
MarnbHbI@ y4aCTKW XOPOLUO B8bIABNAKTCA NO BPEMEHM NPOXOXREHNA yNLTPA3BY-
Ka (At) v B cooTBeTCTBUMM ¢ yBenvueHneM Af {pazHOCTb MeXAY BpemMeHamu
NPOXOXKAEHWUA ynbTpasByka vepe3 obpaseu) yBenuumsaercA n pasbpoc 3Have
Hul P. [INA vcnbITaknit 0TEUPEnUCh 0BpasUbl € MUHUMANEHBIMK 3HaueHWH MU

At (no 4 obpa3ua ANA KaXAOTe (UKCUPOBAHHOTQ 3HAYEHUA TeMNeparypbl U
BNaXHoOCTH} .

He ocraHaBnueanch Ha oBwMX YXKe M3BECTHLIX 3aKOHOMEPHOCTAX N3MeHeHNA
NPeAenos8 NPOMHOCTY MEP3NbIX TPYHTOE B 33aBUCVMOCTL OT TEMNEpaTyps! w
snaxHocTn [184], oTMeTUM HekOTOopble OCOBEHHOCTU YCTAHOBNEHHbL!X CBA3EN,
KOTOPbIE MOTYT WUCMONbL30BaTbCA ANA KONUUECTBEHHOW OUEHKKU “NIMEHeHWA
CEeCMWYECKOW OMAcHOCTK MepP3nbiX FPYHTOB Npw “3MeHeHUN X TemMnepaTyphbl.

AnA neckoB yMeHbillenve Temnepatypbl oT —2 A0 —5° APUBOANT K YBenu-
veHnio P Ha cxatve v paspeis B 1,4—2 pasa, a Npu M3MEHEHUW Temneparypsl
oT—5a0-10" -8 12-14 pasa {puc. 2.11}. [ANA Tex Xe rpyHTOB ANA QINKCH-
POBaHHbIX 3HAYEHUWN T C YBENUYEHVEM BRAXXHOCTW OTHOWEHWE Npenena TIPOQYHO-
CTW Ha CKarve K npeaeny NPOYHOCTU Ha PacTaAXeHne yMeHbilaeTcA oT 6—9 go
4—6. Ana kKpynHOCENOMQOUHELX rPYHTOB COXPAHRETCA TakaA Ke 3aKoHOMep-
HOCTb U OTHOWEHMe P4 /P, menAeTca ot 7 go 3.

Mo npeaenam NPOYHOCTU MECKW U KPYNHOOBNOMOUHbLIE FPYHTHI Pa3fNn4aloTcA
HesHaunTensHo. OfHAKO eCnn CPaBHUBATE 3HAUYEHUA Pe ¥ Pp,e ANA 0AMHAKO-
BOW BNAXHOCTU, MOXHO OTMETWUTb, HTO 8 KPYNHOOBNOMOYHLIX rPpYHTax mM3yyae-
Mbie NapameTps! B 1,5—2 pa3za Gonbwe. Hanpumep, npu W=20% un TeMnepaType
—10° npeaen npownocm Ha ¢xaTve AnA MeckoB pageH 71 kre/em? u Ha DacTA-
wenmne 14 xre/em?, anA prnHooﬁnOMoqurx FPYHTO8 3TU BeNUYUHbLI PABHbI
cooTeeTcTaeHHO 98 1 28 kre/em? .

B neckax A0 MOMHOMO HAacbLIWEHWA, MPOYHACTL NPAKTAYECKU CTabBuananpo-
Banact M AOCTUIMNA CBOEro MakCumMyma. B KpyfHOOBROMOYHBIX rpyHTax npu
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Puc. 2.12. 32BUCMMOCTL yAENBHOTC INEKTPUNECKOrO CONpPOTUBNEHUA (o}, moaynA casn-
ra (G), Koa(mmuuema Myaccona {o) M Moaynr 0Hra {E) OT Temnepatypbl 1 BAAXHOCTH
anA neckoB {3, &) W KPYNHGOBNOMOYHLIX FpyHTOR (6, 2}

HU3KWUX TeMnepaTypax ¢ yBeNUYEHWEM NPOUEHTHON O COAEPKAHUA NLAA Npeaent!
MPOYHOCTU MOTYT HECKOALKO YBERUYHTCA. ’

OcHOBbIBaACh Ha pe3ynbTaTax M3IMEpPeHWH, npeacTasneHHbiX Ha puc. 2.10 u
2.11, nposenemM cpasHewve BENVYUH MIMEHEHUA CENCMUYECKUX W NPOYHOCTHBIX
napametpos or T nW. WnTeHcuBHOCTe Poy, Ppac 3HaUMTEeNnsHo RpeBbIUaeT
NHTeHCUBHOCTL pocTa Vj, u Ve n3MeHennem Temnepatypel. B wntepsane name
HeHus Temnepatyp o7 —2 A0 —10° CKOPOCTM CENCMUYECKUX BONH YBENUYU-
BawoTcA Ha 5—10%, B T0 BpemMA Kak npefensl npoyHocTn — B 1,5—5 pas. Benu-
YUHBI OTHOWEHUN Py /Ppac M Vp/ V¢ nonmkennem Temnepatypsl v B03pa-
CTaHWEM BNAXHOCTA A0 NOAHOTO HACLILEHWA YMeHblalTcA, Havbonee ABHO
37O BbIPAXKEHO QA OTHOWEHWI NPEAENOB NPOYHOCTH.

PaccmOTpuM pedyneTars! MamMepenuin moayna HHra £, moaynAa caswra G,
koshduymenta {lyaccoHa ¢ W yaenbHArQ 3NeKTPUUECKArO CONPOTUBNEHUA 0
anA oBpasuos, NCABITAMHLIX HA NPOYHOCTL (puc. 2.12} .

Moaynb tOHra u Moaynb CABUIa ANA NECKAB ¥ KPYNHOOBNOMOYHbLIX TPYHTOB
MEHAIOTCA B COOTBETCTBUM ¢ U3MEHeHueM ckopocTeit (em. puc. 2.9; 2.10) .

PaHee Bbino nokasano, YTO Npeaenbi NPOYHOCTU Ha CXAaTue W Paspeie ANA
Ha3BaHHLIX TUNOB I'PYHTOB PA3NMYAOTCA He3HAUMTENbHO. VX OTHOWEHWe 38BMCUT
OT TEMNEPaTypPbl ¥ BAAKHOCTU. [MHaMMuecKue MOAYAU yRpPYyTroCTU B KPYMHO-
0BnNoMOuHBIX FPYHTAX NPY NONHOM HAECLILLEHNW NPEBLIWAKT adanoruyHble
3HaueHus aAnA neckoB B 1,4—2 pasa. OtHowenne £,/G anA obenux pasHOBMA-
HOCTEN TPYHTOB MeHfAercA B8 HeBonbwnx npegenax — ot 2,6 go 2,9 v mano
3aBUCUT OT TEMMEPATYPbl U BNAXKHOCTHU.
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KoadbdmumnerT [yaccoHa € NOHMKEHWEM TeMnepatypbl W yBenn4yeHuem
NbAUCTOCTH ANA NECKOB W KPYNHOOBAOMOYHLIX TPYHTOB YMeHbWaeTca oF
0,24 no 04. Mo cpaBHeHVtO © NpedenamMy MPOYHOCTU HA CXaTUe W PaCTAXKe-
HWe 0 umeeT 06PaTHYH 3aBUCUMOCTbL OT Ha3BaHHbIX NapamMeTpos.

YaensHoe 3neKTpU4ecKoe CONPOTUBNEHWE YMEHbLIAETCR C BO3pacTanuem
NbANCTOCTY ¥ YBENMYMUBAETCA C MOHMXKEHuWEM TemnepaTypol. [locnesHee Haxo-
AUTCA B COOTBETCTBMUW C KONMUYECTBOM Hezamep3wei Bogbl. AnA kKpynHoo6nao-
MOYHbBIX FTPYHTOB Q) HECKONLKO BOonbute, 4eM ANIA fecYaHbiX. Xapakrep nime-
HEHUA P NO OTHOWEHWIO K APYIWM NApaMeTpam CReayroilnii: 8 3aBUCUMOCTH
OT TeMNepaTypb! OH W3MEHReTCA TaK e, KaK MPOYHOCTHbIE XapakTepucTUKM
B 3aBMCUMOCTH OT BNAXKHOCTH, Kak Ko3achduuneHT MNyaccoua.

Takum 06pa3om, PacCMOTPEHHLIN KOMNNEKC NapamMeTpoB W aHan3 B3anMo-
CBA3el MEXAY HWMK OTKPLIBAET BO3MOXHOCTb NPOCNEAUTHL UX CBA3L C nNapa-
MeTpaMu KonebGaHWii FPYHTOBR Npu 3eMNETPACEHUAX N0 JaHHbIM HaTypPHbIX
U3MepeHUid € UENbl0 YCTAaHOBNEHMA KONWYECTBEHHLIX 3aBUCUMOCTeN. Takue
3aBMCMMOCTU ADCTATOMHO YCTAHOBWUTb C O4HUM UMK ABYMA M3 PACCMOTPEHHLIX
flapaMeTpoB 1, OCHOBbLIBAACL Ha BbIABMEHHbIX B NABOPATOPHLIX YCAOBUAX
3aKOHOMEPHOCTAX, NONYYUTL HeoBXoauMble CBA3M C NErko ONPeAenAeMbiMu
XapaKTEePUCTMKAMW MEp3MbiX FPYHTOB B €CTECTBEHHbLIX YCNOBMAX. YuUTbIBER,
YTO CEMCMMYECKaA OMacHOCTb IPYHTOB B GOMbLUMHCTBE CNyvae OueHWBaeTCR

. uepes CKopoctu ceicMuyeckux sonH [110], a paccMOTpeHHbie Hamu napa-
METPbI TaKKe MOTyT ONpeaenaTsCcA vepes V), u Vo, npoananusnpyem peayneta-
Tbl U3MEPEHMI CKOPOCTelt PAacnPOCTPaHeHUA CeMCMUYECKUX BOMH B MEP3NbIX
rpydtax BocTouHowt CuBupu. AHanu3 ckopocTell Nno WX NPeaenam usmMeHeHun
NPOBOAWTCA ANA MecyaHaIX, KPYNHOOBNOMOMHBIX WM CKanbHbiX FPYHTOB Ha
OCHOBE YCTAHOBNENUA Creaytowen 3asucumoctn: V, =f (V).

ViaMepeHrA cKOpocTed NPOBOAMAMCL B padoHax TyHKuHckoM, Bapryavu-
cKkow W EpaBHMHCKOW BNagwH 1 B ceBepHblX paitoHax BocTouHoi Cubupn — ot
nepesana flagaH A0 r. TolHAbt. BbiNG NpoaHanUM3nMpoBaHO CNedYHOWEE KONu<
4eCTBO W3MEPEHWA: ANA cKanbdbix — 97, aAnA KpynHooBnomouHbix — 209 1
ANR necyaHbIX rpyHTos — 80. .

AnR cxanbHbIX FPYHTOB nuuensan saBneumocte Vo = fF (V) (puc. 2.13, 8)
ycTaHosneHa AnA wHTepsana n3mexewna V, o1 3,1 po 5 5 KM/C mVy,—or14a0
3,6 kKM/C U uMeeT BuA

V,={(1562£021) + (1,1£0,12} Vi, (2.2)

3Ta 38BUCMMOCTE XapaKTepulyeTcA KO3IMPUUMEHTOM KOPPENAUWM, . PABHBIM
0,94, Pa3bpoc 3HaveHnid V; OT OCpeaHAWEH NPAMOR, YBENVYUBEETCA C YMERb-
weHuem ckopoctr V. Oxono 50% wamepeHuid NpuxoanTCA Ha WUHTepBansi
n3meHeHUA cxkopocter P-sond — ot 3,9 ao 49 km/c u S-Bonv — o1 2,2 Ao
3,1 km/c.

LOnA Mep3nblX KPyAHOOOROMOYHBIX TPYHTOB MONYuYeHa Cneaytowad nuHei-
HaA 3aBMCUMOCTb:

Vs = (0,714 £0,022} V, - (0,57 * 0,089) . {2.3)

KoathdmumenT woppenauun ceAzm (88, YKasanHOe ypaBHEHWE REeMCTBUTENLHO
8 wvHTEepBane M3MeHeHWA ckopocteit P-sond ot 2,7 go 5,2 km/c, S-BonH ot
1,2 no 3,1 km/c {pue. 2.13, 6) .

OnAa mep3nwix neckoe (puc. 2.13, a) mexay Vp, n V, yctaHasnueaeTcA
TecHaA KOPPENAYMOHHAA CBA3b C Koadpd)uumemom Koppennuww pasHbim 0,95:

v, = (0,732 £ 0,028) vV, — (0,806 + 0,085) . v (2.4}

3710 ypasHeHWe yCTaHOBNEHO ANA UHTepBanos u3meneHnA V, o1 2,8 a0 4,5 km/c
vV, 01120028 km/c.
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Puc. 2.13. 3aBMCHMOCTbL CKOpOCTEA MONepeYHbIX BOIH OT NPOAONbHbEX
a4 — ANA Mep3nbix NecKos; 6 — rpyBOOBNOMOYHbBIX 1 & ~— CKaNbMbIX rPyHTOB: 2 — 0606-
WeHHaA 38BMCUMOCTE Vg = f(Vp) ANR MER3NLIX TPYHTOB

Bo Bcex ycradosnedHbix ceA3Ax (2.2) — (2.4) aoeepuTenbHeId uHTEpgan
yia3sah € 5%-HbiM ypOBHEM 3HAUMMOCTY.

Ha puc. 2.13, 2 npeactasneH ceoAHbIA rpadvk 3aeucumoctn Vo = F{V,},
MOCTPOBHHLIA NO MUHMMANbHLIM, MaKCL ManbHbIM U CPERAHWM 3HA4eHUAM V), 1
V,, HanAeHHbIM N0 OCPEAHEHHbIM MPRMbIM. [oNyyeHHOE CEMENCTBO TOUEK
XOPOLUO annNPOKCUMUPYRTCA 3aBUCUMOCTLI0

V,=237 V507, {25)

KOTOPAA MOXET UCAOMB3ORATLCA ANA PAaCYETOB B MHTEPBANE U3MEHEHUA CKOPOC-
Ted, OT PaHNYEHHBIX KPMBOM Ha puc. 2.13.

OTmevaroTca cneaytoume 0COBGEHHOCTH B M3MEHEHUM CKOPCCTER B M3YYaeMbIX
rpyHTax. [InA KaXnoi pasHOBWAHOCTM TPYHTOB C YBENVYEHUEM CKOPOCTei
Vp, n Vi ux OTHOWeHME yMeHbilaeTCR. MHTEHCHBHOCTb YMeHbLUEHUA V,/V
BO3DACTaeT NPY NEpexofe OT AECHaHLIX K KPYNHOOGNOMOYHLIM W CKanbHbIM
FPYHTaM, 4em 1 obpAcHAETCR BMA 3aBucumMocTU (2.5} . C yBenuueHnem aHaveHwi
cKOpocTelt Mx pa3bpoc yBenuuvBaeTcA U, €CAn CYAWTh NO 0BOBLIEHHOR 3aBUCK-
MOCTU, MOXHO MPEANONOXKUTL, YTO NPU AaNbHeMWeM pOCTeé CKOPOCTEW MX
OTHOUEHWE CTabUNU3UPYETCA U, BO3MOXKHO, HECKONBKO YBENUUYMTCS,

Takum o06pazom, OCHOBLIBAACL Ha pe3ynbTatax Monesbix v nabopaTopHbiX
V3MEPEHUA U YUMTLIBAA, YTO B3AWMMOCBA3M MEXAY DPa3fIMuHbIMK NapaMeTpamu
YCTaHaBMMBANMUCh C UENLIO COBEPIEHCTBOBAHWA METOAWKY NPOrHO3a napamer-
poB KkonebaHnini Mep3nbiX rPYHTOB NPW 38MNETPACEHWAX, MOXHO Ka4eCTBEHHO
OUEHUTL BO3IMOXKHOCTW KaXAaoro napamMerpa B 3TOM OTHOWEHAN, ECNN B K34ecT-
BE KPUTEPUA NpU CPpaBHeHWM BLIBPaTb NPOYHOCTL NPY MIHOBEHHbIX HArpy3Kax,
HeobXxoavMOCTL TaKOFO adannia BbITEKAET W3 CNEAYHWMX PacCyXABHWA.
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OBuinit  AvanasoH uv3meHeHMs ckopocTed  (V,) 8 Mepansix rpyHTax, B
sepxHelt 3oHe pa3pesa (BKAKOYAA W CKanbHble TPYHTbI}, NeXWUT B uHTepsane
aT 26 no 5,4 km/c {puc. 2.13}. Jro cOOTBETCTBYET U3MEHEHWUIO MPUPALLEHWIA |
HannbHOCTY, paccunTaHHsiXx no dopmyne C.B. Measeaesa [110] ot 0 ge 06 i
NaNa, MTO 3HAUMTENLHO MEHbLLUE MMELWUXCA MAaKPOCEACMUYECKNX U UHCTRY-
MEHTaNbHBIX RAHHBIX O MPORBIEHUAX 3EMNETPACEHNMA Ha MEP3NbiX FPyHTax
1165]. Ovcropa cneayerT, 4To thopmyna C.B. Measeneea He ABNAEBTCA yHWBEP-
CanbHoK ANA OUEHKM CEHCMUYECKOW ONaCHOCTH TPYHTOB PasNU4HOro COCTOAHWA.
{l03T10My HEOBXOANMMO OTBICKATb HOBbIE 33BUCUMOCTH, KOTOPLIe Bonee HagexHo
nornM Bl xapakTepraoBaTb CeMCMUYECKYH) OMacHOCTb MEP3NbIX [PYyHTOB.
¥13 DACCMOTREHHOIO HAME4aKI TCA CNEAYIoLLME BO3SMOKHOCTN B 3TOM OTHOLUGHUA . |

1. Ckopocin V, v V; BO3PaCTalOT NPU yBEAUYEHUM BNAXKHOCT TaK Xe, KaK |
N NPOYHOCTL TpyHTa. [1O3aTOMy 3TKU NapameTpbl MOTYT OOUCHIBATL CHUXKEeHUe X
CEACMMUYECKON ONAaCHOCTU MEpP3NbiX TPYHTOB, BbLI3BAHHOE YCUNEHWEM CBA3E |
33 CHET VX UEMERTaumi NibaoM. OaHaKo yBENUYEHWE MPOMHOCTU, @ CREADBATENb- i
HO, Y CHUKEHUE CENCMUYECKOW QMACHOCTM 3a CYeT OTPULLATENbHOR TeMmnepaTypsl !
No CPaBHEHWUIO C YBENUHEHWEM NbAUCTOCT#, ByAET HEPABHO3HAYHO OLEHWBATLCA :
CKOPOCTAMU CeNCMUYECKUX BONK. CBR3aHO 3TC C TEM, 4TO 32 CYET NbAUCTOCTH |
Vp m Ve yBenuuuTcA Ha NOPAAOK, a 33 C4ET M3meHeHua Temnepatypsl (oT O a
a0 —10°) — gcero Ha 5-20%, 1.6, U3MEHEHUA CKOPOCTEN CPaBHNUMbI C OWNBKa- J
LA WX OnpedeneHitil 8 NONEBbLIX YCAOBUAX. B TO e Bpems celcmnuecKaa onac- !
HOCTb Mep3fbiX rPYHMTOB 38 CYEY OTPULATENbHbLIX TeMnepaTyp MeHaAeTCA [0
1 Banna [165]. N3 aT0r0 MOXHO 3aKfIOWMTL, YTO CKOPOCTHA CEACMMHMECKUX |
BQMH ABNRKOTCA HEVCTOIZLMBI:IMM napametTpamMmuy OUeHKWK CENCMMYECKOM onac- |
HOCTU MEP3NbIX FPYHTOB C Pa3ftMyHoM TemnepaTypoi.

2. Aunamuyeckue moaynu ynpyroctu (£, G, K} xopowo KoppenvpyloTcs
CO CKOPOCTAMU CEACMUYECKUX BONTH, U MO3TOMY 3T RapameTpbl MMelT Ty e
3HaYMMOCTb ANA OUEHKM CEHCMIUYECKOM onacHocTh, Kak u Vp, V.

3. Mo xoabdmumeHty [MyaccoHa U OTHOWEHMIO CKOPOLTEN CeMCMUYECKUX
BOMH MOXHO HE3ABUCMMO OUEHWBATL CEMCMUYECKYHO ONACHOCTL MEP3nbIX PYH-
TOB TONLKO NPYM AOCTaTOMHO HagexxHom onpedenedmn V, v V.. Ograxo npu
NPOBEAEHUU PA3ANYHBIX UHKEHEPHO-CEHCMONOrNHECKMX PAcYeToB WM npW NOCT-
POEHUW CENCMUYECKWUX MOAENEer ANA OUEHKM napaMeTpos KonebaHuid mMepansix .
rOYHTOB NPU CUNbHLIX 3emeTpaceHnax [165] Heo6xoanMMo yunTbiBaTL yCTaHOB-
NeHHbIE 3aKOHOMEPHOCTY M3MeHerus 0w Vp/V OF TemnepaTypbt v BNaxHoCTu
(nbaucTOCTU} MEP3NOTHI.

4. YpensHoe 3N1eK Tpu4eckoe COMPOTUBAEHUE PACTET C NOHWIKEHWEM TeMnepa- §
TYPbl ¥ XOPOLWIG KOPPENUPYET € YBENUYEHVMEM NPOYHOCTH MEP3NbiX IPYHTOR
Ha ©Xathe y paspbiB. Bonblion avanazoH M3MEHEHWA 3TOTO fiapamertpa of
TEMMEPaTYPbl U BNEXHOCTY NO3BONAET HENOCPEACTBEHHO WCMONL30BaTh U ANA
npPorHo3a napametpos KoONeBGaHWn Mep3nbix rPYHTOBR MNPU 3eMNETPACEHUAX.




nasa 3
BbLIEOP 3TANOHHLIX FPYHTOB

3.1. CENCMMUYECKWE CBOWACTBA CKAfbHbLIX U NOMYCKANbHLIX FPYHTOB

Maccuebl CKanbHbEX U NOYCKANbHbIX NMOPOS TPAAYLMOHHO CUMTArOTCA Haubo-
nee HapexHbIMWU OCHOB3aHMAMU NPU CTPOUTENLCTBE WUHXKEHEPHLIX COOPYXKEHUNA,
8 TOM uiCne B CeNCMMUECKY aKTUBHLIX paltoHax. CelcMmuueckmne XapaKTepvcTu-
KW CKaNbHbIX MOPOA, BLIXOAALMX Ha AHEBHYIO NOBEPXHOCTb WK 3aMerar0lunmx
B HENOCPeACTBEHHOW 6NM30CTU OT Hee, MOFYT NPUHUMATLCA 33 3TaNOH npu
CENCMMNYECKOM MUK POPaNOHW POBaHMK. YYaCTKOB CTPOUTENLCTRAE. B TO e BpemA
AETaANbHLIE WCCNEAOBAHWA, BbLINOMNHEHHbIE NMPU pa3BeAKe NONE3HLIX WUCKOonae-
Mbix [18]), rugpoTexruveckom [33, 160} n 40POKHO-TPaHCNOPTHOM CTPOUTENb-
CTBE [OKa3blBaT, 4YTO CKanbHbLIE MaCCUBbI, [aXke OAHOPOAHLIE NO COCTABY,
W3IMEHAIOT CBOMCTBA B 3aBMCMMOCTW OT CTEMENU HAPYLUIEHHGCTU B CTOMb LWIMPO-
KUX fpeaenax, 41o TpeboBaHnAM 3ITanoHHOCTW MOTYT QTBEYaTL TONbKO Y4acT-
Kil, HE3HAYATEALHO NOABEPKEHHbIE NPOLECCaM BhIBETPMBAHUA,

CooTgeTcTBUE NapamMeTpoB CKanbHOrg Maccupa TpeBoBaHUAM YCTORUMBOCTU
TeX AW UHLIX CTPOUTENIbHBIX OBLEKTOB B 38BUCMMOCTUM OT UX CAOXHOCTU ofipeae-
NAETCA Ha OCHOBE KOMMMNEKCHBIX MHXEHEPHO-FEONOTUUECKUX U TeodhU3nYeCKNX
MCCNeAOBaHUA, UeNb KOTOPbIX 33KNHY2ETCA B OUBHKE CTPYKTYDHO-TEKTOHWYE-
CKUX YCAOBWMM YYacTKa, HeOAHOPOAHOCTH, dHW3OTPONHOCTU U HANPRMKEHHOrO
COCTOAHWA, AehOPMAaUNOHHBIX, MPO4HOCTHLIX U DUALTPAUMOHHBLIX CBOWCTB MO-
poa {160].

CeficMMyeCKME CBONCTBA CKajbHbIX W NOMYCKanbHbIX NOPOA NpeXxae BCEro
CBR3aHbLI C WX MNOPUCTOCTHI, TPELIWHOBATOCTHI0 W XapaKTepoOM 3anonHuTenA
3TUX NYCTOT.

TeopeTuuyecKMe pacyeThl NOKA3kIBAOT, UTO € yBenuueHnem ko3adobuuueHTa
nycroTHocTw nopoast (K}, paBHoro orHowewui® oBtema Bcex MNyCTOT K
obuleMy 06beMYy, CKOPOCTb PACMPOCTPAHEHWA NPOAONbHLIX BONH NafaeT, B
fnpepens npubnukaach K COOTBETCTBYHLUEMY 3HAYEHUIO B 3aN0AHUTENe NyCTOT.
Hanbe iee MHTEHCUBHO YMEHbUWEHUE NPOUCXOAUT NPU 3aNONHEeHWW nop BO3Ry-
XOM, HaumeHee ~ Nv40oM. B 3TOM cayvae AnS MKCUPOBAHHOTO 3Ha4YeHWA Kp
Mepexon 0T OQHOMO COCTOAHUA K APYroMy COMPOBOXAAETCA 3aMeTHbIM W3me-
HeHMem Vp‘

3HaveHua V npu yBenuyeHUU NyCTOTHOCTU TaKKe yMeHbLUATCA, OAHAKO
HeCKONbKO uHaue, YeM V,. OTO NpUBOAUT K U3MEHEHU OTHoLenwA V,/V,
KOTOPOE CRyXUT KaveCTBEHHOW XapaKTePUCTUKOW MeXaHU4eCKOW NPOUYHOCTH
[37]. PaccmoTpemHble 3aKOHOMEPHOCTM COXPAHRIOTCA W ANA CAy4aeB, KOraa
MyCTOThI 33MONHEHb! MECYAHO-TIMHUCTLIM UNK OBNOMOUHBIM MATEPUANIOM.

Npy  cecMUYeCKOM MUK DOPANOHUPOBAHUA NACLIAABA  PAcnpPOCTPAHEHUR
CKanbHbIX U NOMYCKanbHLIX NOopoa HamBonblunii NHTEpec npeacTasnAeT oueHka
rny&uHe) 3aneraHuA NOAOWSBLI KOPbl BbtBeTpuBaHuA, OT NoNoeHWA B paspese
BbICOKOCKOPOCTHLIX CKafbHbIX NOPOA 3aBUCAT PE3OHAHCHbLIE CBOWCTBA BbiLue-
NEXalen ToOMUM DbIXNblX OTNOXenui., 3aA3va PelaeTcA TPaguUMOHHbLIMK
METOAaMN Ha3eMHON CENCMOPpa3BeAKWn. XapaKTep W3MEHeHWA CBOWCTBA CKanb-
HbIX FPYHTOB B 33BMCUMOCTU OT CTEMEHW BbIBETPENOCTA MOXKET BbITH NPOAEMOH-
CTPUPOBAH Ha MPUMEPE CPeaHe- U BEPXHEeNaneo3oNCKUX TPaHMTOB, CNYXaLUX
ocHoBanwem Bypeirckon T3C [33] {rabn. 3.1).

(Mofpo6Hee OCTAHOBMMCA HAa OLEHKE BANAHWUA TEKTOHWYECKUX HapyLUEHUN
(AM3BIOHKTUBOB} Ha CEMCMUYECKMe CBONCTBA CKaNbHbIX MAacCUBOB, TaK Kax
AO HacTOALWEro BPEMEHU He CYLLUECTBYET eAWHOFO MHEHWA NO AaHHOMY BOMpo-
cy [101].
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Tabnuua 3.1
CHOROCTH NPOAOCAEHDIX it NOREPEUHbIX CENCMMYECKUX BONH B FPYHTAX

BosayuiHo-Cyxue BoaoHACKILLEHHLIE MeaoHacklen Hole
Mopoaa
P Vp, wmict Vg, xmfc!| Vp, kmfe | Vg, kmic) ¥y, kmfc| Vg, km/c
[

T pakaT Heaesl- 4,65—4,6 26 555,75 29 6,1 3,1
BETPENHIA

I'panut BvmeT- 2 85--2,06 148 3,66—-3,75 1.7 5,15-51 26
penwid

EChU He KacaTebCA aKTMBHOINrO NPORBREHWA TEKTOHUYECKOW ACATENLHOCTH
{noaBMXkKK) , 3afa¥a OUEHKU BAKAHUA DPa3PLIBHON 30HLI Ha CEMCMMNYRCKMIA
3thdexT HaNOMMHaET 3aaa4y ONPeaeneHnA BAUAHUA 30HLL KOPbl BLIBRTPUEAHWA,
MOLUHOCTE KOTOPOI He NpPeSbilWaeT FOPU3OHTanbHLIX pa3mepoB. CpaBHeHve
HOCUT He ToMbKko dopManbHbIil XapakTep, TaK Kak NPoLecCkl BbIBETPUBAHWA
rnyBoKO NPOHUKADT N0 TEKTOHUYECKUM PaspbiBaM, W HEepPeaKo HO3HMKAOT
TDYAHOCTV B PpELUEHUM BONPOCE, UMEET N 30Ha APOBNEHUA TeKToHWuecKOoe
YinK 3K30reHHOE NPOUCXOXALHUE.

Feonorn-TeKTOHUCTsl KAPTUPYIOT Pa3pbiBHbie HApYLLEHWA B Buae NUHWIA,
TOTAa KakK ANA WHXEHEPOB-TRONOTO8 OHU ABNAKTCA OOGLEMHBIMU Tenamu,
MMEIUIMMM  3HRYUTENLHYIO WIMPUHY 10 OTHOWEHWIO K pPa3Mepy COOPYXeHuA
¥ ofnagaloWwmMmMn aHOMaNbHLIMU MO OTHOLLEHWIO K BMELLaHLWEeMY MacCcuBy
ceoictBamn {99, 100] . B GonblUMHCTBE CYYAEB 30HbI PA3PLIBHEIX HapyLieHi
NPeACTaBNEHb! NPOAYKTAMUA PA3PYLIEHURA CKafbHbIX W NOMYCKaNbHbIX NOPOA,
CURLHO Pa3/POBAEHRLIMA U REPeTeRThiMM,

Ans ceficMMuecKOro PpanoHMpoBaHMA Ppa3HbiX MacwTtabos (oT MyKpapait-
OHUPOBaHMA A0 0BG30PHOr0 PalOHWPOBAHWA) UMeeT BONbWOe 3HAYEHWE Pa3Mep
PaspbiBHbIX  HapylweHwit, Pa3pbiBHblE HapyLlIeHWA M3MEHAIOTCA OT MEenxkhx
TREWUH 40 FPaHAKMOZHLIX N33NOMOB, WMELMX ANVHY TLICAY W WUPUHY A0
ABCATKOB KUAOMETPOB. Bonblive pasnoms! camu COCTOAT U3 CUCTEMSb! Pa3PelB-
HbiX HapylWeHuin Medbluero paimepa. OBbIMHO B Tene KPYNHOro AW3BIOHKTUBE
MOXXHO BbIAEMNTL HECKOMNbKO 30H, B MpeAenax KoTopbiX HabnoaaeTcsa pasnuuy-
HaA CTeneHb PasApoBneHHOCTM Nopos. TINOTHOCTL NOPOR B Tene AU3BIOHKTUBA,

G107 k7
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200 | | : 1
gondemIETR ! \
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yaz 1% fem - kmfc 47, tzrr

P uc. 3.1.CaAsb Mexay ceicMmuueckan wectkoeTeo (pV) u coNpoTnBngHnem ORHOOCHOMY
cxatuie (0} AMA HeBoiBETPerbIX U BbiBETPENLIX CKarbHbiXx nopoa (no .U, Baynuny)

P ne. 3.2. Tucrorpamme) ougHOK OTHOCHMTENLHOW CEACMUYECKOR OMNAcHOCTA ANA AByX Th-
NOB FPYHTOB OTHOCUTENLHO 3TANOHHOTO CKENLHOID FPYHTa
a — KPYAHOOGAOMOUHbIA, OBBOAHEHHbIH, MOWHOCTEIO A0 7 M; 6 ~ CKanbHplik rpyHT
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OCOBEHHO B ero NPUNOBEPXHOCTHOW YaCTH, 3@ CYET NOBBLILUGHHON TPELUMHOBATOC-
T N BblBeTpenOCTW 3HAUNTENHHO HWXKE, 4eM BO BMeUwlaolem mMaccmee ., Bce 3To
NPUBOAUT HE TOMBKO K CHWKEHMD NPOYHOCTM M HECYLen CrocoBHOCTH, HO W
K YXYALIEHWIO CEHCMUYECKX CBOWCTE HAPRYLLIBHHBIX NOPOA.

CneayeT 0Cob0 CKa3aTth, YTO HEPEAKO Pa3pbiBHblE HaPYLWEHNA HE CONPOBOXK-
[awTcA 30HaMu aApobnedna. OHWM npencTaBneHb! NAOTHO 3aKPLITLIMA TpPeWrHa-
MU, CrlelamMi TeveHWA 8 HEKOrRa NNacTUYHOM MaTtepuane wnu NPeacTasnaoT
coBoi TpeuwHbl, 3aMONHEHHLIE MarMaTUYECKUMY U FMAPOTEepPMansHeIMu 06pa3zo-
saHMAMU. TloNOBHLIE Pa3PbIBbI HE YXYAWIAT WHXEHEPHO-TeONOrMYecKie n
cecMU4ecKre yCII0BUA.

TpeacTaBnAeT NPaKTUMYECKUIA WHTEPEC YCTaHOBIEHWE KONUYECTBEHHbIX
COOTHOLUEHUA MEXKAY RPOYHOCTLH W CEACMUYECKON MECTKOCTbIY CKaNbHbiX
TPYHTOB B PasfNn4HbIX NO CTENeHW TEKTOHWYECKOM HapPYWeHHOCTM WU BbiBeTpe-
IOCTN 30Hax MaccuBa. C 3toi yenbio Obimt UCCIEROBAHB! MPaMOPU30BaMHbLIE
W3BECTHAKWN M NOPOAb! BYNIKAHOrEHHOrO KOMMSIEKCa OAHOIo U3 Kene3opyaHsiXx
mMecTopoxAeHui KazaxctaHa B HeHapylLEHHOM MaccvBe W B HapylweHHbiX
3oHax {101] . Peaynbratel 3Tux UccnenoBaHuin npueeaeHsl Ha puc. 3.1.

B uenoM MOXHO CuaTaTs, YTO [AMANa3oH WUIMEHEHWA CEeNCMONOrUYecKux
CBOUCTB CKaMbHLIX W NONYCKaNLHbLIX NOPOA ONPeAeNseTcA rnaBHbIM 0Bpasom
CTEMNEHbK NX PA3PYLUEHHOCTU 1 ABNALTCA YPE3BbLIYANHO LUNPOKUM,

3.2. METOAWKA BbIBEOPA 3TANOHHLIX (CKANLHLIX} FPYHTOB

ToveuHble HabNIOQEHNA CENCMUMECKUX CBOUCTB CKanNbHbIX IPYHTOB HE npea-
CTasuUTeNnbHL! 33 CYeT UX HQOAHdeAHOCTM, NOPUCTOCTY WU TPEWWHOBATOCTU.
B aroi cBR3M HenBXOAMMA CTATUCTUMECKAR OUEHKA AVHEMUYECKMX U KUHEMa-
TUNBCKUX XapaKTepUCTUK konebGaHwi.

OCHOBHOWK 3afaveil CEeRCMUYECKOro MUKPOPaNOHMPOBaHUA ABNAETCA U3yde-
HUE AKHAMUYECKUX XaPaKTEPUCTUK CNOA PbIXMblX OTAOMXEHWA NpU B0O3AEACTBUN

3eMneTpRCeHnA. Cnon - 3pecb pacCMaTpPUBaETCA KakK AMHaMWYeCKan cucrema,

CBOACTBA KOTOPOW HEM3BECTHI. DKCNEPUMEHTaNbHbIE METOALI PELUEHNA TaKOro
pona 3apay OCHOBbIBAITCA Ha obpaboTke uHOpMauvuy, coaepxawenca BoO
BXOAHOM M BLIXOLHOM CUrHanax AnA aHanuavpyemon cucTemst, OaHa uz ocobeH-
HOCTEN CEMCMMYECKOr0 MUK POPanOHUPOBAHUA COCTOUT B TOM, YTO Mbl He MOXEM
HeNOCPEACTBEHHO 3APErUCTPUPOBATL BXOAHOH MO OTHOWEHWIO K UCCNIEAYEMOMY
CNOK0 CUrHaj. B CBA3WM C 3TUM MPUXCAWTCA AenaTe PAA NpeanonoxeHuin. B
YACTHOCTW; RONYCKAETCA, YTOo Kone6aHwuA, 3aperncTpupoBanHble B OKPECTHOCTH
UCCNeAyeMOro CNOSR Ha CKanbHbIX FPYHTAX, MOXHO CYATaTb BXOAHLIM CUFHa-
nom. JT0 AONYLWEHWE U HeyveT PAAA APYFuX dakTopos NPUBOAUT K TOMY,
uTO OUEHKH CEMCMMYECKOW ONAaCHOCTY CNOA PbIXNbiX OTNOMEHUA MOTYT v3lme-
HATHLCA B WWPOKOM AManazoHe 3HaveHun. ECAM BbIPa3uTh 3TV OLEHKW NpuUpalue-
HueM BanabHocTu A/ no vasectHon dopmyne C.B. Measeaesa [110], To anana-
30H WU3MeHeHmA Al OT 3eMNeTPACEHUA K 3eMAETPARCEHUID MOXET JOCTUraTh
3 6annoB. B cBA3KM C ITUM NPUXOAUTCA MNPUMEHATL CTATUCTUHECKWUE METOAb!
06paboTiy C OUEHKOW CPEAHEro 1 HanbBonee BEPOATHOro 3HaveHuA Af.
EcTecTeeHHO, NPUYAHOR Pa3bpoca MOryT Cny»uTh Cambie paszHooBpasHbie
axTopbl. B CBA3N € 3TUM PaCCMOTPUM FUCTOrPaMMbl OUeHOK A/, paccusTaH-
Hbie N0 OAHON COBOKYMHOCTU 32MNETPACEHUIA ANA ABYX NYHKTOB HabntogexnA
OTHOCUTENLHO TPETLEro — 3STaNOHHOTO, PACNONOXKEHKOMo HA CKansHOM rpyHTe
{pmc. 3.2). OAuH M3 NyHKTOB PacnonoxeH Ha KPynHooGRoMoUHoOM ob6BOAHEH-
HOM c¢noe mMollHocTelo 7 M {puc. 3.2, a}, BTOpPOH — Ha CKanbHOM TpyHTe
{pyc. 3.2, 6} . PacCTOAHME M@XAY 3TaNOHHBIM U OLEHUBAEMbIM NYHKTOM Habnio-
aeHna 1—2 kM. Kak BUAHO U3 pUCyHKa, B NepBoM cayuae HabnogaeTcA oTveT-
MMBOE CMBLUEHME CPEAHEerQ 3MAYeHMA OUEHOK npupauleHus bannbHocTn Af
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Ha +0,5 Bbanna oTHOCUTENBHO 3TAMOHHOIO CKanNLHOrG rPyHTa. Bo BTOPOM cnydae
cpeaHee 3HaueHne A/ PaBHO HYNIO, YTO FOBOPUT O TOM, YTO FPYHTOBLIE yCNOBUA
CpaBHMUBaEMLIX MYHKTOB HaBJ‘H-OAEHMH QAHOPOAHDbY, OJ.IHaKO OTMEHaEMbIA anA
CNOA PbIXNbIX OTNOXEHWA Pa3BpoC OUEHOK A/ COXPaHAETCA W AAA CKanbHOIO
rpyHTa. Ha Hem ANWb HECKONLKO YMEeHbLLIWNACL BeNuynHa cpelHEeKBaapaTyyi-
HOrO OTKAOHEHUA NO CpaBHeHWIo ¢ peixnbim. OTcloAa CheayeT BakHbiA ANS
WH>XeHepPHO-CEMCMONOTMUYECKOR NPaKTUKKW BbIBOA: npupoaa paszbpoca otaens:
HbIX 3HaYeHun A/ onpeaenAeTcA NpenMywecTBeHHo ycnosuamMn hopmuposa-
HWA CEACMUYECKOTO CUTHaNa B CKaNLHOM FpyHTE,

B caA3u c 3tumM Obin mpoBeaeH aHanuia HeOAHOPOAHOCTW BONHOBOro nonA
BNU3KMX 3eMAETPACEHUIA Ha CKaNbHbIX K PeIXAbIX rPpyHTax [57—58]. B ocHoBy
VICCJ'IEAOB&HMﬁ AQNOXKEHO CTaTUCTUYeCKOoe onucarye HeOﬂHOpOﬂ.HDCTeDI cpeabl,
pacceAHHe Ra KOTOPbIX M ObDycnosnusaeT nyKTyauun PErucTpPUpPyeMoro Ha
nosepxHoctn nona. OTC0Aa W ONPEeAenANUCL METOAbI: FPYNNUPOBaHWE CeICMO-
NPUEMHWKOB Ha NOBEPXHOCTU KaK MerToauKa HabniofeHWd U CneKTpanbHo-
KOPPENAUNOHHbIW aHanvM3 Teopun CryyvanHbIX NPOUECCOB B KaYecTBE METOAMKH
obpaborku. Habnwoaerua 3a GIM3KMMU 38MNETPACEHUAMU NPOBOAUNUCE Ha
rpynnax pasnuyHoin creneHn croxsoctu [57-59] . OcHoBHbIE cTaTUCTUYECKUE
XapakTepuCTUKY BOAHOBOro nonAa 6amskux (A < 150 km) 3emMneTpaceHuin
MoryT 6biTs NpeacTaBneHb! 3aBUCMMOCTAMMU, NOKAa3aHHbiMY Ha prc. 3.3, OtuerT-
NVBO BUAHLI 0BNacTK yOsIBaHMA U BbINONAXKMBAHWA YPOBHA KOPReNAuuY hnyk-
Tyaumit ceAcmuyeckoro curHana {puc. 3.3., a). Touxka neperunfa NpuHATa HaMi
33 PaaNMYC KoppenruuM nykTyauuin [57], kotopsid pased 500 M. CooTHoweHwe
abConTHOrO ypoBHR dNyKTyauwn Nona AeTepMUHUPOBAHHON KOMAOHEHTHI
[59] 8 d)YHKtrt’IAVl OT 4acTOTH! XOPOLWO annpPoOKCMMUPYKTCA 3aBUCUMOCTbIO
S/G = 0,15 f”. MNpu 3toM yposeHb GNyKTyaumir mMokeT gocturate 40%
{pnc. 3.3,6) .

B 0CHOBY CEMCMMYECKOTO MUKPOPaNOHUPOBAHWA NOMOMEH 3HANU3 xapakTe-
PUCTUK CEMCMUYECKUX KonebBaHwi, 3aperncTPYPOBaHHbLIX B Pa3finuHbIX TPYHTO-
BbIX ycnoBuax. OAHaKo npeaCcTaBneHHbie Pe3ynNbTaTel NOKA3bIBANT, YTO CHrHan,
najalwmii Ha NOAOCWBY CNOA, W CurHan, 3aperucTpMpoBaHHbLIA B 3TanoHHOM
NYHKTE HBﬁJ‘IIOAEHMH, B cuny NPCCTPAaHCTBEHHONO PA3HECEHUA NYHKTOB Ha6nrone-
HuW ByayT cnabo KoppenwpoBaHbl. B 3TomM cnyyvae owWMBKa OLSHOK AWHamMnyec-
KUX X3apakKTepueTuK CercmMuyeckoro curHana (puc. 3.3, 1 yarouTcA 1 Moxet
Aoctuys 80%. To ecTe NonezHaA UHGOPMaUWUA O CROe 3aTYLUEBLIBAGTCA NpUCYT-
CTBWEM B CEACMWUYRCKOM CWUIHane pacCeAHHOW Ha HEQAHOPOAHOCTAX KOMNO-
HeHTbl. 3T0 MoXeT 6biTe  npounncTpupoBaHo puc. 3.4, 3aeck nokasabl
pacapefeneHna OpupaweHd  BanneHoCTM Ha ABYX AYHKTaxX Hahnwpeduns,
PaCNONOMEHHbEX Ha MHOrOAETHEMEP3NbIX KPYOHOOBAOMOUHLIX FPYHTAX, OTHO-
CUTENbHO CKaNbHOro rpyHTa. PacctoAnue Mexay Humy 600 m. BuagHo, uTo
cpeAHve 3HaueruA U pasbpoc oueHox A/ cosnaaaoT.To ecTs 3TM NyHKThI coBep-
LLEHHO PABHOMPABHAO XaparkTepU3yIoT U3yuaeMbilt TPYHT. OAHAKO KOPPEenRWNOH-
Haa c¢yHKkumAa papor A/ (puc. 3.4, 8) noka3sbiBaet NPAKTUHECKU NONHYH
HEeKOpPpPeNUDOBRAHHOCTL OIEHOK .»‘3/, NONYUYeHHBIX N0 OTAENLHBIM  2eMnieTpAce-
HWAM B 3TUX NYHKTax HabNOAEHA,

Takum 0bpazom, npobnema suiBapa ATaANQHHOTO FPYHTA ROCTATOUHO CEpbeHa
n TpebyeT NPOBEAGHWA cneuMaNnbHbiX “ccneaoBaHuii. OHKU ObiNu BLINQNHEHSI
npu CeMCMUUECKOM MU Kpopaioruposarnn r. Mypan MHP. Mopoas! KopeHHon
OCHOBbI 3/\8Cb NPeACTaBneHbl FpaHuTaMu YU nopodamu agdysueHon thopmaymmn:
6aszanbramy, 6azanbToBbIMU Tydiamu v TyGOreHHoiMu necyakukamu. Hanbonee
pPacnpoCTpPAHEHL) TpaHnTbl, B BepxHei 3owe paspesa (B3P) nopoas! paszapobne-
Hbl W pacCeyeHbl CUCTEMOW TRELUH.

MNpy  CeMCMUYECKOM MUK POPaROHUPOBAHUM  YKA3aHHOW Tepputopun  Obis
ucnonbligogaH KoMANEKC MeTOA0R., Cneu,uam:Hble ucecnenosara 3TanoHa Nposo-
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P u c. 3.3. CnexTpansHO-KOPPENAUUOHHbIE XapaKTEPUCTUKK BONKOBOIC NONA OAWMIKWX
3EMMNETPACEHMA
a — KOo3thduuneHt KoppensUrK CEUCMUYECKU X Konebannin Kkak PyHKUMA OT PacCTORHNA
MEXAY CEWCMONpueMHAnKammu: £ — COOTHOLWeHWe (NyKTyauroHnow (S) 4 peTepmuxupo-
aaHHON (G) COCTABNALLM X CEMCMMNYECKNX KONeBaHuni

~J
X

P uc. 34.PacnpeaencHve (3, 6} v B3aMMHO-KOPPENAUMOHHAR yHKUMA {8) NpupaweHni
B6annbHOCTH A/ ANA ABYX NYHKTOB HabnioaeHmia, PacNONaMXeHHbIx Ha paccToAHuu 600 m
ApPYT OT Apyra

AWMDACL TONbKO ANA ABYX HaubBonee PaspaboTaHHbLIX. ITO METOA aKYCTUHECKMUX
EeCTKOCTEA U METOAUKAE, OCHOBAHHAR HA PerucTpauun Bnuikunx cnabsix 3emMne-
TPRCEHUN (aMNNWTYAHO-4aCTOTHBLIA METOA} .

Bbino npaoseneHo 40 30HAUPOBAHWIA CKaNbHLIX PYHTOB ANA ONpeAeneHUA
UX aKyCTHYECKUX XecTkocTer . OKalanock, 4To MacCHB CKanbHbIX NOPOL MQOXXHO
pasnenqTb Ha TpU CNOA: paiaApobneHHble, CMNIbLHOTPELWNHOBATLIE M TPRLUMHOBE-
Tble TPyHTbl. HarnAAHOE NPEACTaBNEeHWE O CENCMUYECKUX CBONCTBAX 3TUX
FPYHTOB A3H0T MMCTOrpaMMbl CKOPOCTER NPoAoRbHbIX BonH (puc. 3.5} . Buaro,
4yTo HabnroAaeTcA OTYETNMBAA FPafalMA CKOPOCTEN: ANA PaspyLUeHHbiX Nopoa
HauBonee BepoATHa CKopocTh BoNH 0,65 KM/C, ANA CUNBHOTPELLMHOBATLIX —
1,4 xmfc, TPEWMHOBATLIE FPYHTHI XapaxTepuayloTCA CKOPOSTAMM 3 KM/C, a
MOHONWUTHbIE, KOTOPAIE M3yHanWCL B NaBopaTopHbiX YCROBUAX, — 4 KM/C,

Takum 0bBpa3omM, Anana3oH W3MEHEHWA CeACMUYECKWX CBOWCTB CKanbHbIX
FPYHTOB B M3y4aeMOM paiioHe OueHb WMpPoK. ECnu BeipaauTs CeMCMUYecKUe
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P uc. 3.6. OueHKa ceicMUYeCKUX NapameTpos rpyMToR r. Mypan MHP
a8 — rpadMK CXOAMMOCTU OUEHOK NpUpaweHui BanNLHOCTU METOAOM KYCTUYBCKUX
wecTkocTed (Afy,) U amMnNUTYAHO-43CTOTHRIM MeToAOM (A/) ; 6 — pa3Bpoc AUHaMMUYECKUX
XAPAKTEPUCTUK BNUIKUX 3IEMNETPACEHUN, BSEIPAXEHHbIN B Bannax; '8 — KO3hPUuMeHT
KOPPENALKY DNYKTYUUN MAKCUMAanbHbIX BMANNTYA




CBOMCTBA NpUpauleHem GannbHOCTU (ncnonbaya dopmyny A/ = 1,67 ig {p; Vi/
/oo Vo) [1101), To 370T AMana3oH coctasuT 1,6 6anna. CneaoBaTensHo, o6vekTUB-
HaA OLEHKA CEMCMMUYECKON ONAaCHOCTU PbIXNbIX TPYHTOB BO3MOXHE TOMLKO Ha
OCHOBE MHOTMOKPATHbIX 30HAMPOBAHWA CKafbHLIX TPYHTOB ANR OLEHKW Hanbo-
nee BEPOATHOrO COCTOAHMA KOPEHHbLIX NOPOA.

B r. Myp3sH B KayecTBe 3TanoHHbIX Bbinv BuIOPaHbl TPEWMHOBATLIE CKaNbHbIE
rpyHTHl Kak Hanbonee pacnpocTpadeHHbie. Perucrpauna emneTpaceHnid npoeo-
AMNAchk Ha CKaNbHOM TPYyHTE B CEMU NYHKTax HabnioaeHun, yaaneHHbiX ApYr
oT Apyra Ha paccroaHun 50—1200 m. IlokanbHbie HEORHOPOAHOCTU BepxHen
30HbI Pa3pesa, BbIABNEHHbLIE CEMCMUYECKOWN Pa3BeAKOt, HALINW CBOE OTpaXkeHue
WM Npu perucTpamy semneTpaceHnin. CpeaHue 3HaveHWA npupalieHuit Gannb-
HOCTK, PacCYMTaHHbIE NO COBOKYMHOCTU 3EMNETPACEHUA ANAR KAMAOro U3 RyHK-
TOB Haﬁmogemm QTHOCUTENBHO OAHOINO — 3TAROHHOIO, cymecmeﬂno OTNKYHGLI
OT HynA, [lManasoH M3IMeHEHWR oueHOK A/ Ha CKafitHOM TrpyHTe COoCTaBun
0,8 6anna. NMpuyeM oTMeYEHE XOPOLIAA CXOAMMOCTE PE3ynbTaTOBR pacyera A/ no
peaynbTaTam HabnioAEHNA 3eMAETPARCEHUIA € oueHKamu A/ METOROM aKyCTuyec-
Kux xectkocTeit (puc. 3.6, a) .

YposeHb yKTyaumMm mMakCcuManbHbiX aMinuTya, oBycrosneHHblid pacceAHy-
eM Ha rnyBuHHbIX HeopHopoaHocTAX (puc. 3.6, 6), HaXoAUTCA B NONHOM COOT-
BETCTBUWN C peaynbTaTtamu, nofiyYeHHbiMu padee {(cm. puc. 3.3}. Ha puc. 36,6
NPOCTPAHCTBEHHbIA Pa3bpoc AMHAMUUECKUX XapaKTepuCTUK 3eMmreTpPARCeHUA
NpeacTagned B BUAe 3aBUCMMOCTH G{r ), rae 0 — CpeAreKBaNpPaTUHHOE OTKIOHE-
HME OUBHOK npupaweHnii 6annbHOCTU Ha ONPeABNEHHOM NYHKTE HabnwAeHUA
OTHOCHMTPNbHO 3TANOHHOTO; 7 — PacCTOAHWE AOC 3TaNOHHOIO NyHKTa Habnioge-
HnA, U3 pucyHKa BUfleH 3aKOHOMEPHbLIN POCT O € yBenuueHuem 7 . HaumHas ¢
500 M, 3HaveHnA g cTabunnaupyroTca Ha yposHe 0.5 Sanna. Te xe 500 M Boipa-
XeHbi M B KOPPENALMOHHBIX Xapak TepucTukax oueHok A/ {puc. 3.6, 6} .

Takum 06pazom, 33gada OUBHKW CENCMUYECKOM ONACHOCTU CNOR PbiXsblX
OTNOXeHWN 3aTpvfaHeHa. Bo-repesiX, HeoaHopoAHOcTeio B3P — ananasoH nsme-
HEHWR OUEHOK A/ Ha CKanbHOM FpyHTe 8 Npegenax 0AHON TeppUTOPMU MOMET
aAocTurate 1 Ganna. Bo-BTOpLIX, pacceAHUEM Ha FNyBMHHBIX HEOAHOPOAHOCTAX,
KoTopoe obycnoenueaeT yposeHb (nykTyauuin {(Ha yposHe 3 o) 1,5 6Ganna.

Mpn MCNONb30BEHUM AKYCTUYECKUX KECTKOCTEN OCHOBHYIO pOfb WUrpaet
TONLKO NepBbli GakrTop. Mpn 0AMHOYHOM 30HANPOBAHWM 3TANOHA Mbi PUCKYEM
nonacTe Ha KpaW oTaenbHoro pacnpeaeneHus (puc. 3.5} . Tem cambim Gyaer
BHECEHA CyliecTBeHHaA ownbka B OUEHKY CeACMUYECKOW ONacHOCTW CfoA.
QOuesnano, HeoGXOAMMbE MHOTOKPATHblE 30HAMPOBAHUR HA CKanbHOM FPYHTE.

B aMNNUTyAHO-4aCTOTHOM METOAE CyujecTBeHHbl 0fa dakTopa — W HEOAHO-
POAYOCTL BEPXHEN 30HLI Pa3pe3a, U PacCceAHue Ha rNyDBUHHLIX HEOAHOPOAHOCTAX.
COBOKYNHOCTb BAWAHUA 3TUX (PAKTOPOB NPUBOAUT K TOMY, HTO Pa3nnuvA B
OUEHKAX CeMCMWYECKOW ONacHOCTU pbIXjibiX  FPYHTOB, MPOW3BOAUMBIX MO
OTAENbHBLIM 3@MNETPACEHUAM OTHOCUTENBHO paznuYHbiX MYHKTOB Habnwogexuna
Ha CKansHOM rpyHTe, MOryT npesbliware 2 Ganna.

OyeBrAHO, YTO UCKNIOYATL 3TOT PasbpoC MOXHO PasfiuuHbiMK CNocoBamu.
Uckniovenune BRAMAHWA HeoAHOPOAHOCT B3P Ha Heo4HO3HaYHOCTHL OUeHOK
CEACMUYECKOW ONacHOCTM PhIXAbIX [PYHTOB MPU  aMMAAMTYAHO-YaCTOTHOM
METOAE MOKHO NPOBECTW NyTeM nNPeABapUTENbLHONQ W3YYEHWA 3TAaNOHHbIX
FPYHTOB C NOMOLWIBIO CEACMOpa3BeaAKn. M yxe nocne BbilaeneHnAa HanbBonee
XapaKTEPHOro ANA AaHHOW TEPPUTOPMW CKanbHOro rpyHTa POU3BOAMTCA
BbIGOP NYHKTOB HabnwgeHwAa ANA CEACMUYECKOrO MUK POPaiioHMPOBaHKUA
no 6nu3kum 3emneTpAceHnAM. WckioueHne ke BIMAHUA  PacCeMBalOLLMX
CBOWCTB Cpeasbl H3 OUEHKW CEBMCMUYECKOW OR3CHOCTM MOXHO NPOBOAWTL Ha
OCHOBE CTaTUCTUYECKOrQ aHanu3a COBOKYMHOCTU 3eMNEeTPACEHWIA W pacyeTta
CpeaHUX # Hanbonee BEPOATHLIX 3HadveHWn. KonuueCTBEHHAR XapaKTepUCTUKa
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paszbpoca oueHoK A/, BbIpaXkeHHaA Yepe3 CPeAHEKBAaAPaTU4YHOE OTKMOHEHMe,
A0CTATOYHO CTabMnbHa ANA Pa3nUyHbix pernoHos. CnedoBatefeHO, Mbl MOXKEM
KOHTPONWPORBATE TOYHOCTH W HafeXHOCTh OUEHOK CEACMUYECKOW ONacHOCTYU
npy UCNONL3OBAHMKN AMNNUTYAHO-YACTOTHOIO MeTOAa {ecTecTBeHHO, B PaMKaXx
OCHOBHbLIX TPEANONOXEHUI, Nexawmx B ero ocHose). [peacraBneHHele 3
paboTe AaHHbIE AaHT OCHOBY ANA TaKMX PacHeTOB.

PaccMoTpum 3apavy 0 pacyeTe MUHWMaNbLHOTO ob6beMa BhIBOpKK {KonuyecT-
Ba 3eMAETPACeHUI) ANA NPOREPKU 3HAYNMOCTU CPEAHEro 3HAYEHWA HOPMAanbHO
pacnpenaeneHHoW CcOBOKYNHOCTK {npupauieHue BGannbHocTM Ha cnoe). Kak
“#13BecTHO [46], 06bvemM BoIBOPKN AONKEH YAOBRETBOPATL HEPABEHCTBY

N= [olU) _, - W)/0]7,

rAe U — CPeAHEeKBAAPaTW4HOE OTKAOHEHUE, KOTOPOE B HAWEM CNyvae PaBHO
0,5 6anna {puc. 3.2); a — ownbka nepeoro poaa, oNpPeAenNAOLWAA BEPOATHOCT,
OBHAPYXEHUA HECYILECTBYIOWEro fpupauieHna  BanneHocT; f — owwubka
BTOPOrO POAA, ONPEAENAOWan BEPOATHOCTL TOFO, Y4TO W3MeHeHWe ocCTaeTca
HesaMeueHHbIM; U, — KopeHb ypaBHeHUs

£,
INaT [ em URgu =x.

PacuetHble 3HaueHMa N aAnAa npupauleHnsa BannsHoctv A/ npu o= 0,01 un
pPa3AnYHOM B NpUBEaeHb! HUXKE |

Af §-0,01 B - 0,08 301
0,5 21 16 14
1,0 9 7 7

1.5 6 5 5

2,0 t 1 1

BuagHo, 4TO B OCHOBE pacyeTa KONWYECTBA 3emneTpAceHui, Heobxoaumoro
ANA aHann3a CEMCMMUHYECKOW ONACHOCTU PbIXAbEX OTNOXKEHUH, NEXAT TPU BEANYN-
Hbl: Npeanonaraemoe npupaweHwe BannbHocT A/ W YPOBHW BEPOATHOCTU O
n 3. WMHxeHepHO-reonoruyecKne fAaHHbLIE NO M3y4aeMOMY PailoHY M CTENeHb
BNaXHOCTU 06beKTa, ANA KOTOPOrO BEAETCA CEACMUUYECKOE MUK PO paiOHMpPOBa-
HUe, MOryT BbITh XOpowen ocHOBOM ANR BblGOopa KoMOBMHaLMKk 3TUX Tpex napa-
METPOB.

Mpeano)eHHble PEKOMEHAAUMN OTHOCATCA K CAyYald, KOFAa 3TanOHHbiA
FPYHT M3-33 OrPaHU4ERHOCTU WMEIOLIENCA annapaTypbl UNW APYIrMX Kakumx-
nMBo NpUYYH NpeacTaBRARTCA TONBKO OAHUM MYHKTOM HabmoaeHua. OueBua-
HO, 4To 6onee 06beKTUBHBLIM ByaeT nNPeACTaBNEHUE 3TanoHa Ha OCHOBE rpyn-
IOBOW CXeMb! HaBMoaeHWA. B 3TOM criyyae KONUYECTRO 3eM1eTPAGEHNUIA, Heo Bxo-
ANMbIX ANA 06beKTUBHOW oueHKKW A/, MOXeT ObiTh CYULIECTBEHHO YMEHbIUEHO
nyTem 8biBopa NYHKTOB HaBnwoAgHUA Ha ITanoHe, cedcmuyeckune konebaHuA
B KOTOPbLIX BYAYT HeKOppenupoBaHHbiMu (cm, puc, 3.3; 3.6,4a,6) .

Bonee noapobHble cBeaeHUA 06 3TOM MOXHO NONy4uTh B pabotax [67-59].

HakoHeu, xoTenoce Obl 0TMETUTS, UTO OCHOBHAA YaCTb PE3YNbTATOR B HaCTOA-
ueM pasgene NpeacTaBneHa B TepmwHax npupawenna Gannoioctn A/ . QueBua-
HO, 4TO BCE OHM MOFYT ObITh nepecwnTaHbi B APYrve napamerpbi, NOCKONLKY
8 OCHOBe pacueTa A/ NexaT W3IMEpAeMbie AMHAMWUYECKWME XapaKTYepucTviKM
3eMIETPACEHUA,



Fnaega 4

NHCTPYMEHTANBHLIE CMOCOEBLI
CEACMUYECKOI 0 MUKPOPAMOHWPOBAHWA

4.1. METOAbl OBPABOTKWU AAHHbBIX
MPU CEACMUYECKOM MUKPOPAROHUPOBAHWUW

MHeTpymeHTanbHOe CeNCMUYecKoe MUKPOPaNOHMPOBAHWE OCHOBAHO Ha CpaB-
HUTELHOM aHanW3e CerncMOrpamMM 3emMnNeTPACEHMA , 3apPernCTPUPOBAHHOrO B
PA3NUYHLIX TPYHTOBLIX YCNOBWAX. JTaNOHHLIM, KakK nNpasuno, Beibupaertca
cKanbHbId rpyHT. ConoctaBnenue CENCMOrpamMM MOXET NPOBOAUTLCA KaK B8O
BPEMEHHOW, TaK W B 4acTOTHOW oBnactAx. CnekTpanbHoe NpeacTaBneHue npea-
OMTUTENbHEN, MOCKONbKY 3AeCh BO3MOXHO OAHO3HAYHOE CONOCTABNEHUE

. KonebaHnili rPYHTOB NO YPOBHIO CMNEKTPAfbHOW NIOTHOCTA Ha OfpedeneHHow

vacToTe. OAHAKO CHEKTPanbHeIM aHanWa CBA3aH C PAAOM TPYAHOCTEN NpW ero
NpaKk TUYECKON peanu3aumMu ¥ WHTepnpeTauuu daHHeiX. [103ToMy npyu maccoBoi
ofpaboTke ucnone3yloTcR 1 BGonee NPocTbie XapaKTepPUCTUKKU CEACMOrpamm:
MaKCUManbHaA aMnauTyaa KoneBaHuin A U cooTBeTCTBYIOWWA et nepuod 7.
TexHuKa U3MEpPeHW U OrPaHUYEHUA HA U3MEPAEMbIE BEWYMHBI PACCMOTpPEHbI
8 pabote [36].

OueHka npupaweHns 6annbHOCTU A7 Ha UCCNEAYEMOM IrpyHTe B NpPesnono-
KEHUN CNPABEANUBOCTY OCHOBHLIX NONOXEHUA CEACMUYECKOTO MUKPOPaHOHU-
poBaHuA onpeaenAerca no topmyne [1 10]

Al =3,31gA/A,, 4.1}
rae A;, Ag — MaKCUManbHbIe aMNAUTYALI KONeBaHWiA UCCRegyemMoro U 3TafoH-
HOTO rPYHTOB MNPW 3€MNETPACEHUN.

Mpu nNpaxkTU4ECKOM NPUMeHeHUM 370l OPMYALl OCHOBHAA TRYAHOCTb,
C KOTOPOW  NPUXOAMTCA CTANnKwWBAaTbCA, COCTOMT B TOM, 4TO HabnwaaeTcA 3Ha-
nTeNbHBbIN pa3Bpoc oueHoK A/ Mo pasnuuHLIM 3eMNETPACEHMAM (CM., Hanpu- .
mep, [36]). Kak nokaszavo B [36], pas6poc ofycnoBneH paccesHuem celcMm-
HEeCKWUX BONH Ha HEGAHOPOAHOCTAX CKaNLHOIO ronynpocTpaHcTea. Npuiem ecnu
B3aMMOAeNCTBUE CelcMMuecKnUX Konebasuh ¢ HEOAHOPOAHOCTAMMK paccMaTpu-

. 8aTb Kax cnyuvanHoe, YTo ¢ BOCTATOYHOW TOYHOCTBK ONUCLIBAET HastﬂeHHOG

BonHoeoe none {123], To ceilcmorpamma 3emMneTpPACEHMA MOXeT GbITe npej-
CTaBNEHa KaK cnyyalHbii npouecc. CneaoBatensHo, AnA NPUMEHEHWA CTaTK-
CTUYECKMX METOA0B 06paboTKY AaHHBIX B CEMCMUYECKOM MW KpPOPaitoHWPOBaE-
HUWU CyLLeCTBYeT BrianiHe onpeaeneHHas ¢uanveckar ocHosa. OueBMAHO, uTO
ANA 0BBLEKTUBHOTO OUEHUBAHWMA OTHOCUTENbHON CEMCMMUYECKON OMNACHOCTM TOrO
WAM MHOTO FPYHTa, BbipaXKeHHOW npupawennem BanneHoctn A/, Heobxoauma
MHDOPMaLMA O XapakTepe pacnpeaenequAa 3TOW BenwuvHbl. [nA 3Toro pac-
CMOTPUM OCHOBHbIE CTAaTUCTMYECKUE XapaKTepucTuku Bmbopku A/, pocta-
TO4HO BONLLWOHK NO CBOEMY 0BbEMY, Ha MeP3fLIX KPYNHOO6NOMOUHBIX FPYHTAX
{cm. Tabn. 4.1).

B KauvecTBe aTanoHa BbibpaHsl NOPOALI KOPEHHON OCHOBLI (rpaHNTLI naneo-
30/ickoro Bo3pacTa). M3 Tabnuubl BUAHO, YTO YCNOBWE HOPMANbHOCTK pacnpe-
aenennn (ry =0, rq4 =0) Hapywaetca HeaHaunTenbHo. CnegosaTtensHo, Ha NPaK-
TUKE MOXHO C BbICOKOW CTENEHLH) HAAEKHOCTM WCMONb30BaTh CTaHRapPTHbIE
METOAb! 3NEeMeHTapHOM CTaTUCTUKMW. TO ecTe ANA aHanusa npupauieHua ban-
J'Ib_leCTM Ha Cfoe pPbIXnkiX OTNOXEHUN AOCTATOuEH pPacyeT cpeaAHero 3HadYeHUA
Al'v aucnepeun 0 ANA OueHKWU AOBEPUTENLHBIX MHTepBANCB. PacueT Heobxoau-
Moro o6bema BoIGOPKKW ANA AOCTUXKEHWA 33faHHOr0 YPOBHA TOYHOCTW, OCHO-
BaAHHbIK Ha yyerte y(’noauu CbopMMpOBaHMR BOHHOBOFO nona SGMHETDHCGHMH
B peantbHOW cpeae, NpyueeaeH B pasa. 3.2.
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Tabnunua 4.1
OCHOBHbLIE CTATUCTMHRCK MO XAPAK TEPUCTUK M OLEHOK NPUPalleNus BanfibHoeTn

T - ~
KomnoHeHTa n . Al Al o ry 7,
1]
NS 190 0,96 091 0,64 0,19 2,55
z 160 0.80 0,80 0,60 0,34 2729
EW 184 0,85 1,08 0,54 0,27 3.26
NS+ 2+ EW 539 0,91 0,83 0,60 0,20 2,64

Jipumevarue. n — ofbem BbiBOPKW; Af — CpeaHes 3HaueHUe NPUPaLLeHWA BannLHOCTU]
Al — BepoATHOE 3raveHne A/} @ — OCHOBHOE OTK/IOHEHWE] ry; — MEPAa KOCOCTH; 7, — Mepa
KPYTOCTH.

3aech paccMOTpeH NPOCTEWRLIMIE METO[ OUEHKW CEeNCMUYECKOW OMNacHOCTW
CAOA PLIXNbIX OTNOXKEHUWA MO COBOKYMHOCTU 3emneTpAcenunit. MoryT npume
HATBCA W Bonee CliOXHbIE METOAbI aHanu3a, OCHOBaHHble Ha 0BpaboTke yxe
oTaenkHbIX 3emneTpAceHur. Kak MeTog npeaBapuTensHOro BbIAENEHWA He-
OAHOPOAHBLIX FPYHTOBLIX YCNOBWA HaPAAY € WHXEHepPHO-MeonorMyecKuMu
UCCNEAOBAHMAMU MOXKeT ObiTb MCAONL3OBAH KOPPENAUMOHHBIA aHanu3 CeCMO-
rpamm. B ocHOBE 3TOr0 MeTOAa NEXMT BbiCOKAA 4yBCTBUTENbHOCTHL KO3DGM-
UMeHTa KOoppenAauuy cencMuuecknx KonebaHuit K noKanbHbIM HEOAHOPOAHO-
CTAM BepxHei 30Hbl paspesa. OnpenenAeTca OH CHEAYIOLUUM BbIpaXKeHuem:

7,
Sflry, Y firy, t + 7)at
0

R= ,
T T 2
([ #2 (ry, 01 dt [ F2 {ry, t + 1)t}
0 V]

rae f{r;, t} — cemcMorpamMma 3eMIETPACEHNA, 3aPEryCTPUPOBAHHOIO B TOYKE
C KOOPAWHATOM 7;; 7 — PA3HOCTL BPEMEH NPUXO04a BONH B TOYKE € KOOPAWHa-
TaMMU 'y U Fy,  ONPeABNAETCH IKCNEPAMEHTANBHO N0 MAKCUMYMY B3aUWMHO KOp-
penAunoHHon thyHKkuuu ceiicmorpamm {puc. 4 1); 7T, — anUTENBHOCTL aHanu-
31U PYEeMOro y4acTKa.

B xauecTse npumepa NCNONbL30BaHWA KOPPENAUXOHHBIX XapPaK TEPUCTUK NoNA
ANA Pa3rpaHnyesnA rPYHTOBLIX YCNOBUW PalOHMPYEMOFO y4YacTKa pacCMOTPUM
0606wenHbIW pa3pes, NpeAcTasneHHuid Ha puc. 4.2,a. 3aech BblaeneHbl Tpu
OCHOBHbBIE y4acTKa: 2 —Nopoab! KOPEeHHON CCHOBbI, NPEACTaBNEHHbIe FPAHUTHOMN
MHTDV3Meﬁ' 3 — NEAHUKOBGLIE OTNROXEHUA, CNOXEHHbIE BaNYyHHO-ranedHolm
FPYHTOM C necYaHbiM 3amonHutenem; 4 — nNolma pexw, npeacraaneﬁuan nec-
4aHO-FPaBUWHBLIMU FDYHTaMU .,

Nyt perucTpauuy Boimn pacnonoxeHst Tak, 4To6bl GbiMt OTpaxeHsi ece
BblAENeHHbIE TUNbI FPYHTOBbLIX YCTOBWKA. TWNMYHAA KOPPENAUMOHHEA KPWBas
LNA 3eMNETPACEHUA NpeacTaBnena Ha puc. 4.2,6. 1o oCU OPANHAT 38ech OTNOXKe
Hbl 3HaYeHuA KoadhuunerTa KOpPPenAUUW CEUCMOrpPaMmMbl 3eMMeTPRCEHUA,
3aperncTpPUpPoBaHHOro B NyHKTe HabaofeHua, ¢ konebaHnAaMY B APYrux TOYKax
perucrpaunu. Buada oT4eTNNBAR aCMMMETPUA KOPPENAUNMOHHOW KPUBO: finae-
Hoe yObiBaHve NPasoit BeTBY, OEYCNORIIEHHOE PAacCeuBaHUEM Ha HEOAHOPOAHO-
crax cpeast [57), v peskuit cnan nesoit BETBW, KOTOPLIA ONPeAENAETCR Pasnu-
YMeM rPYHTOBbLIX YCNOBWM NYHKTOE Habmogenun 2, 3, 4, 1.e. KoppenAUNOHHLIe
XapaKTepUCTIiIKn BOAHOBOIG NOAA 3eMNETPACEHUA NO3IBONANT BblAENATL OCHOB-
Hbig CTPYKTYPHblE YUYaCTKW Ha panoHwpyemon Tepputopun. lMpuuem suaHa
XOPOLWan CXOAMMOCTL PE3YNLTATOR DacyeTa Ko3hhUUMeHTa KOPPENAUNK CeHCMn-
YeCK¥X Konebanuit ¢  OUEHKaMK NPUpPateHnA 6annbHOCTH ANA  pasfnuvHbIX
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P un c. 4.1, TunuyHan BIaWMHO-KOppensa- 0 ) ) e

UMOHHER PYHKLMA CERCMOrpamm 6GAMaKo- i
TO 3eMNETPACEHWRA, 3JAPErucCTPUpPOBaAHHbLIX |

B8 PA3NUYHbLIX TOYKAX OBEP HOCTH |

R — koapduuveHt xoppenaumm; r — |

PAZHOCTL BPEMEH Npuxona |

Pwc. 4.2. OBo6wernbih paspes (@), kop

penAUUOHHaR KPWBAAR BONHOBOTO NONA !

3emMneTprRCeHNA {6) W OTHOCuTENbHaAA cenc-

MUWYECKaAA BnacHacTh rpyHToe (&) |

7 — nonesam ceWcMoOCTanuuA; 2 — rpa-

HUTbi, 3 — BANYHHD-TANRUHLIA T[PYHT ¢
RecuaHbiM  3anenHuTeneMm; 4 —- flecyano-

rpaguitHBii rpYHT

447 V4 440 1w

ﬂ L ! —,
400 7 00 rom

[ ) 4z Ea)v E5L4

NYHKTOB HabBnoaeHnA (B KadYecTRe 2TANOHHOIo BbibPaH NYHKT wabnogeuna 1} .
O6nacTb PeE3KOro CHWXEHWA YDPOBHA KOPPENAUWMN COOTBETCTBYET W3IMEHEHWD
ypoeHa A/ (cm. puc. 42,8). Cneayer noguyepkHyTh, Y4TO KOPPENAUMOHHAA
KpWUBaA npoBeaeHa Mo AaHHbiM, NONYYEHHBIM NG OAFOMY 3eMRETPACEHMO, B TO
BPEMA KaK KPWUBaA pacnpefeneHns OTHOCUMTENLHOW CeMCMUYRCKON OnacHocTy
FPYHTOB PacCcynTbiBANack NYTeM ycpegHeHUA no 6oNbwoMy KOAUM4eCcT8Y CelCMO-
rpamm.

Takum 06pazoM, MHGHOPMAUNA O BANAHUM FPYHTOBbLIX YCAOBUIA Ha UHTEHCUB-
HOCTL NPOABNEHWA 3BMNETPACEHUA COAEPXUTCA B KAXAOW 3anucy 3emneTpAace-
HWA. 3ajaua COCTOUT B TOM, KaK €e ussneys. B yCnoBUAX AOCTATOYHO OTHETNUBO-
TO PE30HAHCA B PLIXNbIX FPYHTaX MOXeT BbiTh UCAOML3OBAHA OUEHKA OTHOCW-
TENbLHOW 4acCTOTHOM XxapaxTepucTuku cnoa H (f}, onpedensemoi BbipaXeHWEM
H f) =8; (F}/Sg {f}. 3necw S; (F), Sg {f} — cnexTpsl 3emneTpAceHwa, 3aperu-
CTPUPOBAHHOrD HA MCCMEeAYEMOM W 3TAaNOHHOM fPYHTAaX COOTBETCTBeHHo. Oue-
BUAHO, Y4TO TOYHOCTb W AETANLHOCTbL BbIPAKEHUA CENCMUYECKWUX CEOWCTB CROA
PLIXALIX OTNOXEHWUI HACTOTHOW XapakTepucTUKM ONpeAenAeTCA B NepBYIO
ouepeab Haa@XKHOCTLIO OUEHOK CheKTpa 3emneTpfAceHuA. B CBA3W C 3TUM ocTa-
HOBUMCH HA OCHOBHbIX COOTHOWEHUAX CNEKTPRANLHOTO aHa.u3a.

OCHOBHOW XapaKTePUCTUKON CurHana npu cneKTpanbHOM aHanuie ABMAETCA
ero anmtensHocTs 7. TpyUMeHeHMe BbIYUCTIMTENLHON TEXHUKW NPW pacuerax
cnekTpa obycnosnmeaeT HeoOX0AMMOCTL NPEACTaBNEHUA CEACMOTpaMMmbl B
unposom supe. CnegosaTensHo, MOABRAETCA €Wle OAuH NapamMeTp — war
anckpetusaunn At. 3Tv gBe BeNUYMHbBL NI0NHOCTEIO ONPEAenAT BCE OCHOBHbLIE
COOTHOLEHUA, XapaKTepusywuwme cnexkTp. Pazpewaowan cnocobHOCTbL cnexTpa
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A P u c. 4.3. CneKTpsl 3eMNETPACEHNA
[y (A =100 km, K =9}, 3aperncTpupoBaH-
w77 / ! HOFO HA BbIXOAAX KOPEHHbIX OPCA
(1) »n #a rpaBUMHO-rafeg4HbIX FPyHTax
(2}, 75%-HuIl AOBEPUTENbHLIA UHTEP-
san cnexTpoe {3)
Ha Bpe3xke — OTHOCWUTENbHAA 4a8CTOT-
HaR XapaKTepucTUKa rPyHTOoB

8f W MuHUManNbHAA 4acToTa foin.
ANA  KOTOPOW BO3MOXEH pacyeT
CNeKTpa, OMPEAENAOTCR Bhipaxe-
HUEM

§f =Fmin = VT,

BepxHAn rpaHuua aHanuaupye-
MOro AuanasoHa Yacrotonpegenaer-
cA vacTtoTon HaMkewuera f, = 1/2 X
X Atr. To ecTe NPM ANWTENLHOCTW
! L1 ii curHana 7, = 10 c v ware guckpe-
;S 2 4 & W Z0fy Tusaumm At = 0,00 c ananus cnekT-

pa BO3IMOXeH B AMANA30He 4acToT
0,1-50 T'u ¢ paspewarsiueit cnocoBrHocteio 81 = 0,1 Tu. OfHaKO KaK U3BECTHO,
ancnepcua  ouedku coctasnaet  100% [17]. Jnm  yMeHslueHMAa aucnep-
CUU LUMPOKO NPUMEHAETCA MeTOAWKAE CraXXMBaHWA CNeKTPa 3a CHET YBENUNYEHUA
Yncna creneHelt cBoBoas! 77;. YMCNo CTeneHen cBOBOALI ONPeaenAeTCA BUAOM 8b(6-
PaHHOr 0 OKHa W 3aAaHHON pa3pellalowwent cnocobHocTeo crexTpa Af. Hanpumep,
anA oxva Darwana—Tyravesa (17) n;= 2 - K, rae K — 9wiCnO HE3ABUCKMBIX
cnexkTpanbHblX KOMNOHEHT B WUpUHe okHa. OTCloaa AUCNEPEUA OLEHKK CMeKT-
pa 68 (f) =8 (f) A\/n;/2. Ecnn B paccmatpueaemom npumepe paspewarutyro
cnocobHocTs cnekTpa Af 3apath pasvon 1 [y, uto coortsercTByer ;= 20, vO
aucnepeys oueHkun cnektpa 65 (f) 6yaer nopaaka 0,3 - S {f}. lMpuBeaeHHbix
8bltle COOTHOLEHNM AOCTATOYHO ANA NOCTROEHUA AOBEPUTENbHBIX UHTEPBANOS
YACTOTHON xapaKTepucTuku H (f) :

19Si 1RV /S {F) +tn, 1) a2 DS AV WA < IgH (F) < 1gS; (f}/S (f) +
g1 a2 BS AN,

rae S {f} — yporeHb CREKTPaRbHOMK NNOTHOCTY Ha YacToTe f; —06beM BLIBOPKHK;
lp, g — U~ pacnpeaeneHue CrbiogeHTa C 77 creneHAmMu €BOBOALI Ha ypOBHE
8epoATHOCTY f.

MNpumep pacuera cnexTpoB S; (f), So () v H (f) metogom BricTporo npe-
obpa3zosaHuA Pypbe npuseded Ha puc. 4.3. YacTOTHAA XapaKTEpPUCTMKA MHOMO-
KPaTHO CriaxeHa okHoM XaHua. Kak BMAHO M3 PUCYHKA, PE3OHAHCHAA 4acToTa
B CNoe BbIALNALTCA 40CTaTOYHO OTYETIMBO. '

OTmeTuM, 4TO BbiAenerHne Pe3oHancCHblX XapaxkIepUCTUK CHOA  BO3MOX-
HO TOMBKO fIpU BbIPaXXEHHOM PE3OHAHCE, T.e. NPU BLINONHEHWN YCAOBWA
M VilpaVy 3 1 {rae p v V — NNOTHOCTE M CKOPOCTL CEACMUYMECKMUX BOMH B
8 ckanbHoM (1} u pbixnom (2} rpyHTax COOTBETCTBEHHO) W NPU AOCTATOMHOM
MOILHOCTU cnoA. B ycnoBuARx cnabbix uHTephepeHUMOHHBIX ABNEHUIA B PbIX/bIX
FPYHTax WX aHanM3 BO3MOXXEH TONbKO HAa OCHOBE MpUMeHeHna Bonee TOHKUX

CPeACT8 aHanu3a, Takux, Kak rpynnuposaHine cencMonpueMHInKoB U uMthpoBan
thvneTRauma.
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4.2. METOOUYECKUE BOMNPOCH! UIYYEHWA
AWMHAMUYECKUX XAPAKTEPUCTWK MEP3NbLIX NPYHTOB
NPU CNABbIX 3EMNETPACEHUAX

Kpyr 3aaav, peliaemMelX fApy CEACMUYECKOM MWKPOPANOHUPOBAHUK, YPE3BbI-
4aMHO LUMPOK — OT YACTO ONUCATENBHBIX KaYeCTBEHHBIX A0 MOMYHEHMA Konuue-
CTBEHHBIX 3HAYEHWA AUHAMWYECKUX BOMHOBLIX NONen cnabbix U CNbHLIX 3eMne-
TPACEHWNA.

KpaTKo 3TO MOXHO NpeaCTaBUTL W3BECTHOW CXeMOW: ouYar—cpeaa—rpyHT—
COOPYXEHUE, B KOTOPOA OTPaXKeHsl Y3NOBRble MOMeHTHI, Onpeaenfiouine 8
KOHEYHOM cHeTe OCHOBHbIE HanpasneHA NPOBOAUMbBIX UCCNEAOBAHUNA,

Mexoas M3 RaHHOW CXeMbi, Hamu Bbinn opraHM3osaHbl HabnwgenRun Ha Con.-
HaHCKOM WHXKEHEPHO-CEACMONOrIHECKOM MONWFCHE C Lenbio PEWEHUA cneayio-
WMX 3a4au:

1) HaxoXAeHWE BO3MOXHbIX CBA3EW MEXAY npvpaliedMem 6BannbHOCTH
BEYHOMEP3NbIX KPYNHOOBNOMOYHBIX FPYHTOB, a TakXe NEPUOLOB, COOTBETCT-
BYIOLNX MAKCUMafNbHbIM aMNAUTYAEM, C COOCTBEHHBIMU NapameTpamu semne-
TPACEHWIt, TAKUMU, KaK dHEepreTudeckunini Knacc K, anuueHTpansHoe PaccToAHue
¥ OTHOCUTENBHOE PacTONOXKeHne OYar—NyHKT Habmoaenna (asumyT) ;

2} usyyeHune paccenealoMx XapaKTepucTUK Cpeabl, B KOTOPOW pacnpocTpa-
HABTCA CENCMUYECK YA CUMHAN;

3} oTbICKaHne 0BLWNX 3aKOHOMEPHOCTEN M3MEHEHNA CNEKTPOB Pypbe CencMn-
YECKUX CUFHANOB C M3MeHeHueM COBCTBeHHbIX napamMeTpoB 3eMAETPACEHWN
K, A B LUENAX HAXOXKAEHAA CPeaHMX CNEKTPoB Pypbe PasnuuHbIX IHEPreTUUEec-
KWX KNacCoB W INUUEHTPANbHBIX paccroanwﬁ;

4} nayuyeHue BNWAHWA CAOA MeEP3NbIX KPYNHOOBNOMOYHLIX TPYHTOB Ha
UHTEHCMBHOCTB W 43CTOTHLIA COCTaB CEACMMYECKOFO CWUIHana U cTabunbHOCTH
AONYYEHHbIX XaPaK TEPUCTUK B 3aBUCUMOCTKM OT BbIBOPKY 3eMNETPACEHNIA;

5) mMoaenupoBaHue COOTBETCTBYIOLMMM MAATHUKOBbLIMA CUCTEMaMK  CO-
OPYXXEHWI 1 M3yYeHUe UX MOBEREHUA NPK BOZALHCTBUM 3EMNETPACEHWIH pa3nuny-
HOW Cunbl.

Mpy opraHusauny HaBNKAEHMI Mbl UICXOAUNN U3 TOrO, YTO OCHOBHbIE 33KOHO-
MEPHOCTW, NOAYYEHHbIE HA MONUIOHE, MOXHO PacrpocTPaHuTL W Ha apyruve
Y4aCTKK uccrieposanuii. Boibop mMecTa pacnonoXeHuA NONMroHa Ha BeYHOMEP3-
fibIX rpyHTax obycnoBneHd Tem, 4To npu BbICTPOTEYHLIX OTHOCUMTENbHO cnabbix
npoLeccax Mep3nbie TPYHTbI MOXKHO CYWTaTb TeNamu, ANA KOTOPbLIX CNpaBeasn-
Bbl U TeopeTUUeCKue pa3paboTKu.

Ana pewenva nocrtasnexHbIx 3agay bblna OrpaHN30BaHa CEACMOMETHNYECK AR
cnyx6a nNo perucTpauun BAM3KUX 3eMNeTPACeHui Ha nnowwaau okono 10 km?
B HEMpepbiBHOM U kayulem pexmmax. B pesynbrate ueTbipexnetHux (1976—
1979 rr.}) wabniopennit Ha nonuroHe Bsino 3aperucTpuposaHo 6onee 500 semne-
TPACEHUN 7—13 3HepreTUYecKMX KNacCoOB C 3MWMUEHTPanbHbIMU PACCTORHUAMMU
Ao 500 xm. .

OCHOBHLIM BLIBOAOM RPU M3YYEHWM 3aBUCUMOCTY TPUPaLLEHWA BannbHOCTH
“ NEPUOAOE, COOTBETCTRYIOWMX MAKCUManNbHLIM aMNIUTYAaM, OT COBCTBEHHBIX
napaMeTpoB HNU3KUX 3EMIIETPACEHUIA ABAACTCA cneaywee. ABHbIX {ynopasfo-
4eHHbIX) cBAZeN MeXAy npupauwervem BannsbHocTU A/, a TakXke nepuosamu,
COOTBETCTBYHOWMMY MAKCUManbHbIM aMNIUTYAAM, U COBCTBEHHbIMN UHTEr pane-
HbIMK NapaMeTpamu BNn3Kknx semneTpAceHnit, Takux, kak K, A, ¢, A, He Habmo-
laeTca, uny OHW ABAAKOTCA HEyCTOWUWBBIMU B CUNY 3HaYMTENbHOro pas3bpoca
OTAENbHLIX 3HaYeHUA A) U NepyoaoB MakcuManbHeiX amnnutyn. OgHako avor
BbIBOA He OTPMLAET TOrO, 4T cam pasbpoc npvpawennin 6aNIbHOCTM U NEPUOAOB
MaKCUManbHbIX aMNNUTYA, BO3ZMOXKHO, 06YCNOBREH KaK BHYTPEHHEN CTPYKTY-
PO CENCMUYECKOrO BONHOBOTO NONA OTAENLHOrD 3eMNeTPACEHUA, Tak u cobeT-
BEHHbIMM napamMeTpamn CNoA MEP3NbIX KPYNHOOBNOMOYHBIX OTNOXEHWN, 4TO
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HALWN0 OTPAKEHWE NPU MCCNEROBAHUM PACCEAHUA CENCMMUYECKKX BOMH HEOAHO-
POAHOCTAMM CPeabI.

NzyueHne pacceAHUA CeMCMUYECKMX BOJIH HEOAHOPOAHOCTAMU CPefbl MPOBOo-
AMNOCL METOACM PYNANPOBAHWA C NPUMEHEHWEM CMEeK TPanbHO-KOPPENALNOH-
Horo aHanusa. CooTBETCTBEHHO BO BpeMeHHOﬁ 06n4acTu NCNONb3OBANACL B3aUM-
HO KOPPENnAUMOHHAA (PYHKUMA, a B 4aCTOTHON — QYHKUMA KOrepeHTHOCTU U
GUnsTPALMA CEACMUMECKUX CurHanos. [Tpy 3TOM AONYCKANoCh, YTO CeRCMMYEC-
KWW curHan ABNRETCA CfyyalHbiM npoyeccom. Uayyenne MNpPOCTPaHCTBEHHLIX
CTaTUCTUYECKUX XapaKTepucTUK BONHOBOrO MONA BO BPeMeHHOW obnacrtu
NO3BONUNC CUEHUTL PaaNyC KOppesAunu CEHCMUYECKOro NOMA Ha CKanbHbIX “
DbIXNbIX FPyHTax. CMbICH pauyca KOPPeNALMW 2aKIHOMAeTCA B TOM, 4TO OavVH
NYHKT HabnogeHMA MOXKeT XapaKTepu3oBaTe TONLKO TY NAOUWIAAKY, NUHENHbIE
pazmeps! KOTOPOM He MPEBLILAT Pagnyca KOPPenaumnK, d CNegoBartensHo, OH
ABMNAETCA XapaK TePUCTMKOW HEOoRHOPROAHOCTU BOMHOBOFO nond. WccrepoBaHne
noseseHnn yHKUMM KOFepeHTHOCTM B Npeaenax rpynnul AnA S-BONH B gnana
30He Yactot 1-5 [u pano BO3MOXKHOCTH NPOCNEAUTb U3IMEHEHUE paanyca KOpP-
penAuMnU C uaMeHeHMEM 4aCTOTbl (ANA pPasHbIX YaCTOT} W HAATW OTHOWEHME
cursan/wym. HerMsmMeHeHHOCTb 3HaueHUn MYHKLMU KOTepPeHTHOCTU © U3MeHe
HAEBM 3NULeHTPansHOro paccrosuma (o1 60 ao 250 kM) rosopuT O ToMm, 4YTO
OTBETCTBEHHOCTL 33 PACCEAHUE CENCMMWYECKOrD CUMrHAna HeceT BEPXHUWK CNoW
38MHOM KOpPbi B NPeAenax AByX MepBbiX ReCATKOB KUNOMETRORB.

AnA ckanbHbiX TPYHTOB Dapuyc Koppensuvm He npeewsiwaetr 500 m, ana
PbIXAbIX e FPYHTOB OH Heckonbko Bonslwe. CnepoBaTensHO, Npy pas3Hocax
MEXAY 3TANOHHLIM ¥ i-M NYHKToOM Habmopaenua, npeasiwarowmnx 500600 M,
YacTOTHbIE XapaKTepPUCTUKW W npupalteHnA - BanieHOCTU PbiXNblX TPYHTOB,
TIONYYEHHLIE NO OTALSNbHLIM IEMITETPRCEHWAM, ABMARIOTCA BEAUMMHAMW CRyYal-
HbiMW. VIMeHHO 3TUM 0GBACHAETCA 3HauMTenwHbIM Pasbpoc noupawsenwii Gan-
NLHOCTY M HaCTOTHLIX XapaKTePUCTUK.

Takum 06pazomM, U3yqeHne PacCenHnA CelCMUYeCKUX BOAH Aano BO3MOX-
HOCTL ONPEASAUTL BHYTPEHHIOW CTRYKTYPY CEWCMMUECKOrO BONMHOBOTMO NONA,
o6bACHNTE husuuecKyio npupoay pa3bpoca npuvpawieHvii BannbHOCTU KM YacToT-
HbIX XaPaKTEePUCTUK, AONYHAEMbIX B OAHOM WM TOM e NyHKTe Habnioaenna, u.
0BOCHOBATL CMNPABEANMBOCTL NPUMEHEHUA CTATUCTUYECKMX METOAOB aHanmaa
NPK CUEHKE OTHOCUTENLHOW CEVMCMNYECKOR ONACHOCTH PbiXNbiX rpyHTos. Bee 3710
Nerng B OCHOBY NPEANIOKEHHON MOAUMUKAUWKM CYLLECTBYIOWER METOAMKU
CEMCMMWMECKOTD MMKPOPAOHNPOBaHUA. B 4acTHOCTM, npeanaraeTcA WCMonb3o-
BaTh CpeAHEe BONHOBOE MOME OTAENLHOr O 3emneTpaceHna [137].

HenocpeacTBeHHG OTHOCUTENBHAR CEACMUMECKAR ONACHOCTh BEUHOMEP3NbIX
KPYNHOOGNOMOUHBIX TPYHTOB, BbipaXKEHHAA 8 npupawleHnax 6annbHocTH, 8
npegenax ConbHaHCKOro UHXXEHepPHO-CEMCMONOrMYecKoro nonuroHa onpeae
nARack ANA Tpex NyHKTos HabnodeHWAa no ABYM Bb16OpKam npupatieHvi
6annbEHOCTH, NONYUYEHHBIM AAR ABYX PA3NWUHLIX COBOKYMHOCTEN 3apervcTpupo-
BaHHbIX 38MAiETPACEHNnit. O6bem NepBoi BeIBOPKY coctasnAn n = 180, Bropoi —
n=120. AnHanna pacnpegeneHni npupallernii 6annbHOCTM NOKasan, YTO oLeHKa
OTHOCUTENbLHOW CERCMUYECKON ORACHOCTU MO  Pa3/IuvHO  OPUEHTUPOBAHHBIM
NUHeRtkHbIM cucTemam {cercmonpuemHunkam) s Hanpasnenuu NS, Z, EW renaet-
cA paBHONPaBHOW. OTOT BbIBOA CAEAaH HA CCHOBE NPUMEHEHUR KPUTEPUs OAHO-
POAHOCTH BblﬁOquHle COBOKYDHOCTBVI K OCHOBHbLIM CTATUCTUKAM pacnpegene-
HUA — CPEAHMX 1 BEPOATHLIX 3HauYeHUN U paccedkna (panoe Af) AnA Kaxaow w3
Bbl50p0K OTAENbHO. Ha OCHOBaAHWUK 3TOro e KpUTepuA pAenaeTch BbiBOA O
HE33aBUCHMOCTI OCHOBHBLIX CTATUCTUK OT KOHKPETHOro Habopa Bnuikux semne
TPRCEHUN (CPABHUBAOTCA NepBas u 8TOPaA BbiBOPKW 3HaYeHWI NpUpaLLeHui
BannbHOC 1K)

B MeToguyeckom nnaHe, nCxXoiA U3 CPaBHEHUA BbIBOPOYHBIX COBOKYNHOCTEN,



MOXHO CREeNaTh BLIBOA, Y4TO NPU Manb!xX BhiBOPKEX OTAenbHbin NyHKT Habnoge-
HUA MOXET XapaKkTepu3OBaThCA 3HauyeHWem npupaliesna 6annbHOCTU C TOUYHO-
CTbio, HE Npesbillaolen 0,5 6anna.

flpW cpasHeHun pacnpeaeneHnit  NpUpauieHnin 6annsHOCTM  Ha PbIXNbIX M
cKanbHbiX TPYHTaX, B 4aCTHOCTH, UCNOML3YA pacCceAHune PAJA O, NOKA3aHo, YTo
coBcTseHHbie  NapamMeTPbl CNOA PhIXAbIX  OTMAOXKEHWW BHOCAT OTHOCUTENLHO
HeBoNLIWOCH BKPal B pacteAHWe CENCMVYECKOFrQO BONHOBOFQ nonA. Pacnpegene-
HWA PAACB NpUpatleHuit 6anAbHOCTA, FOAYYEHHBIX NO PasnNU4HLIM 3eMAETPA-
CEHUAM, AT HAM BO3IMOXHOCTL OUEHWTb CPEAHWME ¥ BEpOATHLIE 3HayeHwA
OTHOCMTENLHOW CEeNCMMMECKOW OMacHOCTW MCCNneayemsix rpystoe. B 1o ke
BpEMA OHW HE (AT BOIMOMXKHOCTM MPOCAEAUTL OAHO3HAYHOCTL MPOABJIEHUA
3eMneTpACEHMA B PasNuU4HbIX nyHKTax Ha6nwaenna, OuesuaHo, nauGonee
NPMEMNEMBIM  CNOCOBOM OUEHKW OAHO3HAYHOCTU NPOABNEHUA 3eMAETPACEHUN
B Pa3zfiMuHbIX MYHKTAX HabriiogeHWA Ha pbiXNbIX FPYHTax GyfaeT HaxoxgeHue
B3aUMHO KoppenauuoHHow dyHKUWN DPAACB nNpupailedma BanneHOCTW AnA
paznuuHbiX nap nyHkTor HabnioneHuA. AHanu3 B3aUMHC KOPPENAUWMOHHBIX
PYHKUMIA ¢ YY4eTOM faHHBLIX O PAcCeAHUKU NONA NO3BONRET CAeNaTh Cneayiouine
BbIBOAbI.

1. KoppenAauMAa MeXxay pAgamu npuvpawenua GannebHocTv ANA BCeX nap
NYNKTOB HabMIOAEHUA WCCIIEAYEMbIX [PYHTOB ABRAETCA EANHOBPEMEHHON,
nocKonbKy Ry; MakcumansHas npy cmewermy K =0. 310 rOBOPUT G TOM, 4TO
KOpPenmMpoBaHHOCTL 3Havenuit Af HabBnoaaeTcA TONLKO A OAHOFO 3eMneTps-
CeMUA.

2. MaKcumanbHbie 3HaueHUR B3aUMHO KOPPenAUUOHHbIX MYHKUWIA, NONyYeH-
HbIX N0 BEPTVKANLHOW KOMMOHEATE, 3HaYMTENLHO MPEBLILLAT MAaKCUManbLHbLIE
3HaUEHNA NOCHBAHWX, NONYYEHHBIX NO FOPU3OHTANbHbIM KOMMOHeHTaM. OTo,
O4eBUAHO, CBA3AHO € 0COBeHHOCTAMK HOPMUPOBAHKA CEMCMUUEBCKOrO CUFHANa B
cnoe (ckopee BCeFo, ¢ 06pazOBaHMEM pPENeeBCKOR BOSHBI) NPU KAXAOM OTAeNL:
HOM 28MALTPACEHUN. i

3. HauBonblive 3HaYEHUA MAKCUMYMOB B3aVMHO KOPPENALVOHHLIX YHKLUWNA
(~0,4}, nonydeHHbIX No rOPUICHTaNLHLIM KOMMOHEHTAM, YKa3blBalOT Ha
HEDAHO3HAYHOCTb MPOABNEHNA OAHOFO ¥ iF0 Xe IEMNETPACEHUR B PA3NNUHbIX
NYHKTax HabniogeuwA, paxe GNW3KuX ..o CBOMM COBCTBEHHbLIM Napamerpam.
CneaoBatensHO, B8 [@HHOM CNy4ae MOXKHO CHUTATh, YTO 3HAYEHWA TPV pPaULeHUA
6annbHOCTV ABMAIOTCA CRyHaRHLIMIN KAK BO BPEMEHU, TaK v B npocTpaHcTse (oT
3eMNETPRCEHUA K 3EMNETPACEHWIO U OT NYHKTa HABMIOAEHNA K NYHKTY Habnwde
HMA) .

Kpome npupaweHnid 6annbHOCT, ANA WUCCREAYyemMbiX rPYHTOB HahleHbl
VX 4aCTOTHbIE XaPaKTePUCTUKK. {TpNYeM HaxoANNNUCH CpeaHr.e YaCTOTHBIE XapaK-
Tepuctuku ¢ audidepeHyumaumer X N0 ANUILEHTPaNbHLIM PaCCTORHNAM U MaKCn-
MaribHO BO3MOXKHbIE YacTOTHbIe XapakTepucTrku. MocneaHne oTpaxatoT maxen-
MancHOE yBenMueHue CreKTPaANbHbLIX KOMMOHEHT CeNCMWYECKOro CcurHana
Mep3nsLiMu kpynHooBnomouHbIMi rpyHTamu. Mx ananus fiokasan cnegyoluee.

1. CpesHue M MaKCHMANLHO BO3MOXHGIE YECTOTHLIC XapaKTePUCTUKW OAHO-
3HAYHO OMKUCLIBAIDT OTHOCUTENBHYIO CEUCMUYECK YIO ONACHOCTbL MEP3SitiX PhIXMABIX
FPYHTOB. CreneHb PaspeliMMoCTh UCKaXEHWA CEVCMUYECKOFO CUMHAaNa pbixisl-
MU TDYHTaMU Bble Y MEKCUMaNbHO BO3SMOXHbIX HaCTOTHLIX XapaKTepHUCTUK.

2. Kax cpefHue, Tak ¥ MaKCMManbHO BOZMOMKHbIE YBCTOTHBIE XapaKTepuCTy:
KW MEHRIT cBOK HopMY M YPOBEHb B 3aBUCHMMOCTU OT TOFO, B KaKUX UHTepBa
ax  INUYEHTPAnbHLIX PacCTOAHVK  3aPerycCTPUPOBAHBI  3eMINETPACEHUA, M0
KOTOPLIM OHY HAXOAUNWUCH.

3. MonyseHHsble No PasnuuHbLIM KoMnoHeHTaM (NS, Z, EW)} 4actoTHsle xapak-
TEPUCTUKY OTNNYHLI APYr oT fpyra. OTnwuwz 370 NPOASNAETCA B X dopme 1
YPoBHe.
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4. HabnopaeTcR uyeTKaA rpagalivA  YacTOTHBIX XapaKTePUCTUK MepP3nbix
PbIXAbIX FPYHTOR, NPEACTABNAKIMUX Pa3NuyHbie NMYHKTLI HabmoOAeHWA C OTNWY-
HbIMK COGCTBEHHBIMWU NMapamMeTpamu. 3Ta rpPajaunA AOBOALHO XOPOLO COrna-
CYeTCA C Pe3yNbTaTamu, NOMNYYEeHHbIMU MO NPUPaLLEHUAM BannbHOCTW.

[loNonNHUTENBHO ANA WCCNEROBAHMA CKanbHbLIX W PbIXNbIX FPYHTOB UCNONb-
30BaNUCh NPOEKUKN MONHOTO BEKTOPA CMELUERWA Ha NNocKocTh. C 3TOM uensto
CPaBHUBANACE TPAEKTOPUU ABVIKEHMA HACTUL MOYBLI BO BPEMEHWU B NYHKTAX
HabNIAECHMA B MOPU3OHTANBHOW M BEPTUKENLHOW NNocKacTAX. XapakTep nonA-
pu3auun S-80NH FOBOPUT O TOM, YTO B CNIO€ PhIXMNbIX OTNOXEHNA 0BpasyoTCA
AOBOMBLHO WUHTEHCWBHBLIE BONHLI TUNA pPeneesCKuX. MameHenue xapakTepa nona-
pu3aunmn konebaHui cKanbHbIX TPYHTOB NPWU Pa3HOCax CeNCMONPUEMHUKOB A0
1200 M KayecTseHHO NORTBEPKAAET HAEWE NPEANONOMKEHVME O CTATUCTUMECKON
fipupoAe opPMUPOBAHMA CEWCMMNHECKOrO CUTHana B nonynpoctpaHcree. Weene
NOBaHWA TPAaeKTOPUIA ABWXKEHUA rPyHTa NPy 3eMAETPACEHUAX MOKAa3aAW, 4YTO
PazNu4YHO OPVEHTUPOBAHHbBIE NKHENHbBIE CUCTEMBI AT Pa3HbIE 3HaYEHUA npUpa-
weHuA 6annbHocT. NoaobHaAa KapTUHA CoXpaHRETCH ANA BCEX PACCMOTPEHHbIX
3eMneTpAceHn ¢ pazHeiMi K, A 1 aa3uMyTaMu NpUxoaa CENCMUYeCKOro cUrHana.

OTNPagHLIM NONOXKEHWUEM NPU HAXOHKAEHUU CBA3EN YPOBHA 1 hOPMBbI CPEAHNX
cnekTpoB Pypbe C MIMEHEHWEM 3HEPreTUYEeCKOro Knacca 3eMMeTRACEHUR ABW-
noCh NPERNOROXEHNE O TOM, 4TO (1P MEePeXoAe 0T Cnabo3HepreTUYecKux 3emne
TPACEHWI K 3eMneTpAaceHUAM Bonee BLICOKMX 3HEPrWiA He NPOUCXOAUT Kakux-
nMBo CKaYKoOoDBPa3HbIX KaAYECTBEHHLIX MIMEHEHWA B CAMOM MeXaHu3Me ouvara
W HE HaKNafbiBagTCA JONONHUTENLHbIX {HANPUMEP, HEefWHeRHbIX) 3cb(be|<103
NPY PacnpPoCTPaHeHn CeMCMNYECKOFO CUTHANE B cpeje.

B 3nwueHTpaanom 30He KaxAaasa cewcmorpaMMa 6yne‘r OTOGpa)KaTb BCe suibl
aedopMalnit — OCTaTOYHbIE, ANAcTUYecKue u ynpyrue. MoaobHaa cercmorpam-
ma byaer oTo6paxkaTh TOAbLKO et nNpucyLlue 0cobeHHOCTM o4ara U B MeHbulen
CTeneHn — oCOGeHHOCTU cpedbt. [Ipy aTOM, O4eBMAHO, TEPARET CMLICN FOBOPUTHL
O CBA3U MEXAY cnabbiMu CUAbHLIMKU 3EMNETPACEHUAMK, XOTA 6bl ngTroMy, 47O
OUBHKUW 3IHEPreTMHECKMUX XapPaKTepUCTUK OAHOFrO W TOro e 3emMneTpAcCeHuA,
onpeAeneHHble B HENOCPEACTBEHHOW BAN30CTU OT O4ara v B yAaneHun OT Hero,
ABNAKTCA HeajekBaTHbiMK. [{lo3atomy Hamw pacemotpeda Gonee peanbHan
cuTyauua — OTbiCKaHue 3aBUCUMOCTEN CPpegRNX CNEKTpo. ‘Dypbec namMeHeHnem
JHEPTETUMECKOrO KNacca U 3MMLEeHTPantHOro PacCTOAHWA ANA CENCMUMECKNX
CUMHANOB, 3aPErnCTPUPOBaAHHbIX B NPeAenax PacnpocTPaHeHnA ynpyrux dedop-
mauwia. Bte 3aBUCMMOCTM HAXOAUNUCH ANA MEP3MbIX CKanbHbIX FPYHTORB, NO-
CKOMbKY, 3HAaA 4aCTOTHbIE XAPAaKTePUCTUKM PbIXIIbIX FTPYHTOB, HETPYAHO HalTU
cooTBeTCTRYIOWMEe UM cnexTpel. OCHOBHBIE BbLIBOALI NpY 3TOM CBOLATCA K
CeayloLWeMy.

1. CnexTpel KoneGaHWit NPKU 3eMAETPACEHUAX 3HEPreTUYeCKMX Kaccog C
7-ro RO 13- UMEHIT HW3KOYACTOTHBIN COCTAaB: MaKCUMYM CREKTPanbHOK NNOT-
HOCTH NPUXOANTCR Ha yacTatet 1—1 .5 Iy,

2. MakcumanbHaa cOCTaBNAIOWAA CMNEKTPOB 3aTyXaeT € 3NUUEHTPANhHBLIM
PacCTOAHUEM MO Tem >KEe 3aKOHaM, YTO U MakCUManbHad aMmnnuTyAa 3anucu
3EMNETPACEHNA.

3. CBA3b 3HAYEHUA MAKCMMANLHOW COCTABNAKILEN CNEKTPANLHOW K pPyBOM
C _3HEPreTU4ECKUM KNacCoM  3EMNeTPACEHUA ONPEAENALTCA  3aBUCUMOCTBLIO
Ig S, = (0,62 0,03) K~ (9,14 £0,28) ana A =60 km.

4.C yBenvnYennem 3HEPIUK 3EMJIBTPACEHMI HU3KO4ACTOTHER 4aCTh CREKTPa
BO3pacTaeT 6bICTPE., YeM BLICOKOUACTOTHARA.

5. OKCTPANONAUMA  ypOBHA U hOPMbI CPEAHUX CREKTPOB, N0 UMEIOLUMCA
AaHHBIM, BO3MOXHA AC 1570 3HEPreTMYECKOro Kiacca Npu MUHAMANBHOM
paccrosHun g8 B0 kM.

C uenuio M3y4YeHUA 3aKOHOMEPHOCTEH KOoNeBaHWA rpyHTOB U 31aHUIA, UMeto-
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WX OBWMA XapaKTep, ANA AWHAMWYECKUX CUCTEM TPOBE/EHO (IM3NYECKOe
MoaenMpoBatue. Ha ocHoBe DHUINUECKOr0o MOLAENNPOBAHWA PE30OHAKCHLIMUK
cUCTEMAMK COOPYXKEHWWA MPOanann3upoBaHbl 38BUCUMOCTM KONeBaHWA 3Tux
MOgened OT BPEMEHV W YaCTOTHBIA COCTAB BbIHYXAEHHbIX KONeBaHWi pesoHaHc-
HBIX CUCTEM € pa3HOW coBcTBEHHOW 4acTOTORN.

[oKa3aHO, B 4aCTHOCTY, YTO MPOAQMKNTENLHOCTL Konebanun npy BAM3kux
3eMNETPRCEHUAX AOCTATONHA ANA TOro, 4T00bl B CUCTeME C COGCTBEHHBIMM
napameTpamu, COOTBETCTBYIOLIMMU NAPamMeTPaM  KECTKWUX 343HWA, 3aKOHYUA-
cA Nepexcfrbii Apouecc. 370, B CBOK O4epefb, NPUBOAUT K NPAaBOMEPHOCTU
ONpeAEneHUA  aMMAMTYRHO-4ACTOTHBIX  Xapaktepuctuk  (AUX)  koneBaHui
30aHNA NO OTHOLIEHWIO CNEKTPoB konebaHwit 3aaHni M rpyHTOB. BTopon sax:
HON CTOPOHOM 3TOrO ABNAGTCA TO, YTO NPU pacyeTe KofeGaHWi 3AaHuKM creayer
UCMOMbL30BaTL YPABHEHUA ANA YCTAHOBUBIUMXCA KONeBanuik AvHamMuyecKux
cucTem. [TOATBEpKAEHA CNPaBeANMBOCTb MOMAYYeHHOW paHee IKcnepumeHTanb-
noit opmynel [148] ana nporHosa aMnauTya koneBaHuit 3gaHniA ¢ MCNONb3o-
BaHueM ux AYX u cnekTpoe koneGaHni rpyHToB. MNPy HaTYPHbIX HaBNOAEHNAX
VCNONb30BaHbI. Pa3Hbie KWHEMaTuYecKue 3nemenTsi. [loaTBepkpaer BbIBOL O
npeoGnagalolem BIMAHKK CKOPOCTel KonebaHui FpyHTOB 1Py OUEHKE CERCMNY- -
HOCTHM HECTKUX 31aHui ¢ CoBCTBEHHOM HacToTOW KoneBanuii okono 5 MNu.

[pumeHeHne B AantHelleM aBTOMABTUYECKUX CENCMUYECKUX CTaHUMMA ¢
aHanoroBbiMK CMEKTPaNbHbIMU AHANW3ATOPaMK OAHOBPEMEHHO € petueHvem
33034 COBCTBEHHO CENCMNYeCKOro MUKPOPaNoHUPOBAHUA NO380NUT YNPOCTUTL
aKCAefMUMONHEIE HaDNoaeHnAa npw c6ope MaTepwana, NPUrOAROIO ANA aHanuaa
KonebaHum AuHaMUYECKUX CUCTeM B 33BUCMMOCTW OT ocoBeHHocTen 3emie
TPACEHUN. :

Taxkum 06pa3om, NpoBeAeHHsble UCCemOBaHVA Aank OTHOCUTENBHO NONHOe
npeacTasneHue O PONU BCEM ueny ouvar—coopyrkeHune. PeaynsTaTel NoKasanu
Ka4eCTBEHHYIO U KOMUYECTBEHHYIO HEeNONHOTY CYLLECTBYIOWMX UNCTPYMEHTaNs-
Hbix cnocobog CMP, 3an0Xunn OCHOBb) JanbHenLero PassnTuA CeMCMUHECKOro
MUK POPaNnOHUPOBAHNA .

[nA uener coBCTBEHHO CENCMUYECKOTO MUK POPAAOHUPOBAHUR B €r0 Ceroa-
HALWHEM MpeACTaBfieHMN HeoBXOAUMO NPOBeAeHWE KOMMNeKca CEeNCMONOorn-
YECKMX M FreodmauHecKiX nCCNEeA0BaHui, YTo NO3BONNT AaBaTe Gonee HafeXHbIN
NPOTHO3 KoneBaHW it CUCTEMbBI FPYHT—COODYXeHUe.

4.3. USYYEHUE CEACMUYECKMX CBOWNCTB IPYHTOB
C MCNONL3OBAHUEM MMNYIMBLCHLIX UCTOMHUKOB
aAnNA UENEA CEACMUMECKOIO MWUKPOPAROHWUPOBAHWUA

Knaccuueckoit npy pacuete npupauiesuit GannbHoctn A/ ¢ npumeHedvem
aMNINTYAHO-4acTOTHOMO criocoba crana sairsnenHas C.B. Measeaesbim (110]
33KOHOMEPHOCTL ANA YCKOPEHNA KoNebaHuit rpyHTOB v npupaweHvi 6annbHo-
CTW, Baipaxaeman dopmynon {(4.1). B HactoAwee BpeMA 3Ta opMyna npu-
MEHABTCA ONA OueHKK nNpupalueHna HanNbHOCTU C MCNONL3OBAHWEM aMNNUTYA
APYTUX KUHEMATU4ECKWUX 3NEMEHTOB (cmelieMmn, ckopocter). Mpu onpege-
NeHun NpupaieHuii BannbHOCTY B KaYecTBe MCXOAHOW NPEANOCLINKU NPUHNME-
€TCA PAaBEHCTBO CEMCMUYECKOW 3HEpPrvv pasHbIX TPYHTOB. MHawe, cpasHeHue
amMAnnMTyYa Konebanni pasHbIX rPYHTOR NPOBOAUTCA € UCAONL3OBAHUEM ORHOTO
M TOTO >Xe WCTOYHMKA WNY COBEPWEHHO WAEHTUYHBIX. B NpPOTMBHOM cnyvae
pasnuuve amMnnuTYA KoneBaHui rpyHTOB OBBLACHAETCA Pa3nuuueM amMaANMTYA
KoneGawviA 8 ovarax. Ha 3tom ocHoBaHa diopMyna ans ApupaweHuA Gannb-
HOCTK NO METOAY aKYCTMUYECKM X KECTKOCTEN.

AMRNuTyaa koneBaHuii 06BEMHBIX BONH B 0AHOPOAHOM Be3rpaHnyHOin cpeae
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ONpenenAeTCA ee XeCTKOCTHLIMM CcBOMCTBAMM, PaccMOTPUM C 3TMX MNO3NUMA

BuIHYXAeHHbIe KOneGaHuAa, B030ykaaeMble WMMNYIBLCAMW MIHOBEHHbIX CUR

" {yaapamu) . Umnynbc MrHOBEHHOM cunel Tem Gonblue, YeM MeHblie BpemRA

coyaapenua ten (S = lim{(Q7)). YpaeHenue KoneGaHwia, Bbi3BaHHOE UMNYSib-
: —0

COM CWMtbl B MOMEHT ee feWCTRUA T, anpefenuTcs, cornacHo [ 186], paseHcTeom

o (OT‘ _at / n
g= lim —1{1 -~ ¢ (-—smwt+coswt [ {4.2)
-0 7 w

MakcumanbHoe 3HaueH e KOOPAWHATL! ¢ NPU 3TOM GYAET pasHo

(Qr) )
= ~aT/2
Imax = lim = ——— (”e “ry, (4.3)

NPUYeM Mpu Manbix 3HaYEHUAX & KOIPHUUUEHT nuaammnoc‘ruﬁ =1+e %2~
~ 2. Mo HawuM uccneaoBaHuAM (ByaeT nokasaHo Hvwe), e~ % 71?2 wano ot-
AWMUBETCA OT eAUHULbI KaK ANA CKanbHbIX, TaK U PeIXbIX rpymos MNoatomy
B AanbHeNileM Hamiu Ko3bduument annamnadoctn 1 + e ~*712 npuuar nocronn-
HbIM ANA BCEX MPYHTOB.

Tlocne npexpaleHnA aeAcTBuA 0606WEHHONW cunbl, ypasHeHuve konebaHuh
onpeAenAeTCA PaBeHCTBOM, aHanoruuHsIM paseHcTey (4.3), rae BmecTo nepe-
MeHHOW t umeem t—r. Torga BbIHY)XAEHHbIE KonebaHuA oONpegenATCcA CYMMOW
atmx xkonebaHui. MNpumeHnaa Hecnoxmme npeobpazosaHus npu yyete 7 >0 n
n =0, nmeem

Imax = Sw/C, (4.4)

rae S w —3KBuBaNeHT 0606LIEHHON cunbl Q; C —XecTKOCTh,  OpONOPUMOHAnb.
Haf MOAYNt ynpyrocti . NTak, mMbl onpeaenynyt amnnutyay BblRYXAEHHbIX
konebaHuiA 8 ""ovare” yaapa, o6paTtHo NPONOPUMOHANEHYI0  MOAYNH YRPY-
rocTu rpyHTa. MHbiMu cnosamu, Npw paauow 0606u.1eHHow cune yaapa Ha pas-
HbIX TPYHTAX NMEeM PaZHbie aMNINTYAbI B 'Ovare”’.

Tenepy BHOBbL BO3BPaTUMCA K ¢dopmyne (4.4) u onpegenum OTHOLUEHVe
aMNAUTYA KoneBaHui rpyuroa NPy BO3BYXAGHAN MMAYNIECHBIMU MCTOMHMKA-
Mu, yunTbIBaR, YTo u= V2p:

A 1Ag = tiglu; = ViboolVs}p.
WHave:
) Jo
Allz/A})/z = Veopo!Vsipi —p; '

Toraa w3 3701 hopMyne! cornacHo (4.1) nonyHmm
Al = 0,84“9Ai/A0 + igpo/p,- ). (4’5)

3necs Mul Npegnonarand paseHCTBO OGOGWEHHBIX CUfl B Pa3HbIX MPYHTOBLIX
ycnosuAx. B aencTBMTENbHOCTM OHW 0BpPaTHO NPONOPLMOHANBHLI BpPEMEHW
aecTBUA Yaapa (nepwoay xoneBarwi) . Toraa & copmyne (4.5) Gyaem nmeTs
elle cAHY AoBaBKy, M OKOHYaTeNbHbLIA ee BUA CNEAYIOWMNA:

Al = 084 “gA"/Ao“‘ Igpo/pi+lgT,-/To). (4.6)

®opMyny ANA pacyeTa NPUPALLEHUA BANNLHOCTH MOXHO MOAYUMTE, UCXOAA
13 3Heprun KoneBaHuii, Bo36yxaaeMeix B ouare 'yaapa”.

CyulecTByeT AQ0CTaTOYHOE KOMMUYECTBO IKCNEPUMEHTANbHbIX A3HHLIX W Teo-
PETUYECKUX NCCNEAOBAHUIA O BKMafle pasHbiX TUNOB BOMH B MORHYK CEWCMU-
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HeCKYI0 3Hepruio. BelABAEHO, YTO OCHOBHAA AONA 3HEPrMA MAET Ha 0BpasoBaHmWe
N08ePXHOCTHLIX |PENeescKux) U nonepevHsIX BONH,

ﬂj‘lﬂ nOBerHOCTHOl'O WEeToOYHUKaA, orpanmueHHoro B npocrpch'rae v BO 8pe-
MeHW, MOnHaA CeMCMUYECKAn 3Heprua, cornacHo [84), onpepenseTcr nHTerpa-
oM 0T MNOTHOCTU NOTOKA 3HEPruv NO NACWAaH Y N0 BPEMEHWU ero AEMCTBHUA:

oo oo
£ = 21r__fm {}ggz=ordrdr, Iz,=§ Az,=oPlr 1),
rae Plr, t} — cnexkTp aasneHus; A — KonebaTenbHaa CKOPOCTb YaCTv.y NO-
sepxioctu. A = f{V, u, a, «), 7. e. KonebaTenbHaR CKOPOCTL 3aBUCMT OT
4acTOTbl, MOCTOAHHOW [1AME, 3aTyxaHWA, CKOPOCTU PACNpOCTpaHeHuA BOMM.
Mocne COOTBETCTBYIOLUMX NpPeobpasosaHvui 3TOA OpMyNel MONHAA ceicvu-
YeCKaA 3HEPrUA UCTOUHWUKA ONPEAENUTCA PaBEHCTBOM £ = Ep + E; + Eg, rae
£, -Eg ER—SHeprH NPOAOHbLHLIX, MNonepeyHbiX W BonH PeneA. Ceicmu-
YyecKanA aHepry4A BOnH Penea onpeaenseTrcA paBeHCTBOM

81'!’2 »VVR D =
Ep =———/ PP wldw.
Vi u 0
Ecnu npuHate, cornacko pabote [177], Vg = 0,9V, xota B AneicTBUTENL-.
HOCTU V ; HECKOMNbLKO MeHbLUE, TO
BT’ D = . "
Vo o

Mpea6pasyem nocreAHO OPMYITY 1 NepenuueM B ot dopme:
Er ~1/Vf.p.- (4.7)

J1a we 3aBMCMMOCTL MonyyeHa B pabote [42]. SHeprur xe celcMUNECKMX
KONeHaHM Npn 3emMneTpaAceHnn

E~AVp (4.8)
W3 cpasHenna hopmyn (4.7) n (4.8) cnepyert, uto

,A2 ~ ‘IIV“pz,A"z/p’/’ ~1/Vp.

CornacHo dopmyne (4.1) npw yveTe Toro, 4To AaBneHue obpaTtHO nponop-
UMOHANLHO BPEeMEHM AeMCTBMA yaapa npupawedna GanneHoctu, A/ no amnnu-
TyAam ckopocTen Konebawui npy yaapHeix onpeaenutca dopmynoin (4.6).

MonyderHan Hamu opmyna NORHOCTbIO Ga3MpPYeTCA Ha COOTHOLWEHWW CeW-
CMUYBCKMX >KECTKOCTEW rpyHToB. floaToOMY npupatienve BannsHOCTW 3a ypo-
BEHL TPYHTOBLIX BOA CneayeT ONPeAenATb OQOMONHWTEALHO, YHATLIBAA CBA3-
HOCTb 0BBOAHEHHbIX TPYHTOB U AMH3MUYECKME Harpy3sku. 3toT gonpoc Noapo6-
HO paccMOoTpeH B pa3a.- 4.4.

PaccmoTpum MeToauKy npupalierna 6annsHOCTV 32 CYeT MHOTOKPAaTHbIX
OTpaXeHuil OT rpaHuu cnoucton cpeabl. OYEBMAHO, YTO NPU CNOWCTOM CTpoe-
HUU cpegbl HUM3KWe COBCTBEHHLIE YacTOThl KonebaHui cnoeB, KOTOPsie cnedyeT
YUWTBIBaTE NpU 3eMNETPACEHWAX, BCAEACTBUE BbICOKOMACTOTHOMO COCTaBa Kone-
Bannit ovara ygapa He GyayT BLIABAEHLI B CHIHaMe, 3aperucTpPOBaHHOM Ha
BOCTaTOYHOM paCCTOAHUKM. BLiABATCA MPYU 3TOM TOMLKO BhICOKWE COBCTBeHHbIE
YacToThi KONeBaHWX Cnoes, KOTOPblE NPW BO3AECUCTBUN 3eMNETPACEHUA He-
CYWecTBeHHb). [103TOMY MaKCUMafikHbBIE AANbHOCTU perucTpauny konebaHui,
8030ynaeMbIX yaapamu, AoMmkHbl EblTh TakoBbi, 4TOGLI PErvCTPUPOBannCh
NPAMbBIE CENCMUYECKUE BOAHbI.
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PetieHue cucTemMbl YpaBHeHWIt AR aMNAUTYAbl NPENOMNEHHOW BOMHbLI 8
crnoe, NexkalemM Ha ynpyrom nonynpocTpaHCTae, NDUBOAUT K TOMY, YTO aMnnun-
TyAa 338 CY4eT MHOrOKPAaTHOrO OTPAaKeHWA HE MOXKET PeBbillaTh BenuHurHbl
OTHOWEHWA aKyCTU4RCKUX YKECTKOCTE CNOA VW NONynpocTpaneTea  [80]. Oue-
BUAHO, 470 3TC OTHOLWEHMUE onpeaenAaeT NpeAenNbHOe 3HAYeHUME aMNNUTYAblI B
cnoe. Mlpn yyeTe noOrnouwalOWMX CBOMCTB Cpeabi M yrna NOAXOA3 BOMHLI K MO-
AOWBE Pe30HAaHCHAaA amMnnnuTyaa KoneBaHuit cnoA ByaeT MeHblle 3HAYEHWA
OTHOWEHNA aKyCTUYECKUX MECTKOCTeRn. Takum oO6pa3om, eciit MOWHOCTL
CNOA UCCNEAYEMOrO FPYHTa 1 ANMHA BOMHbLI CEMCMUYRCKOIo CUFHanNa yaosneTeo-
PAIDT COOTHOWEHUIO A = A/4, TO OTHOLIEHVUE PE3OHAHCHON AMMNAUTYALI KOne-
BaHui B CN10e U NOAYNPOCTPAHCTBE PaBHO OTHOLIEHMIO UX aKYCTUYECKUX KECTKO-
creit. Toraa npupalleHue GanibHOCTH NPW HaNM4YMM pe3oHaHca onpeaenseTcA
PaBeEMCYBOM

Al = 331lg (pV)o/loV); .

B stom cnykae Npu ucnons3osaHmu amnnnTyd KoneBaHWit 0T yaapos AnA
onpeaeneda npupalieHnit BannbHoCcTU KoatduumeHT 8 dopmyne (4.6) cneay-
et npuHumarte pasHbiM 1,67. Wcenons3oBaHue 3T0r0 KO3 hMuMeHTa B hopmMyne
(4.6) Byaet pasaTs BO3MOXKHOE MAaKCUMANLHOE TPUPALLEHVE BannNLHOCTM APK
Hanuumu pesoHaHca B cnoe. PeanbHoe 3HaueHwe A/ 33 cyeT NOrNOWAHILNX
CBONCTB cpeabl 6y AeT HECKONBLKO HUXKE PAcYeTHOrO.

Ha pedopMaumoHHbie CBOMCTBA FPYHTOB 3HAYMTENLHOE BAWAHWE OKa3biBaeT
cKUMaeMocTe uX. [Tprt AMHaMUY4eCKUX BO3QEUCTBUAX TPYHT BepeT cebA Kax
TPEXKOMNOHEHTHAA Cpead ¢ NOCTOAHHBLIM cocTasom [106]. B sopoHachiweH-
HOM FpyHTE CHKNMEEMOCTEe BOALI U BO3ayXa C npeoGna,ua}oLu,wM conepkaHnem
BOAblI BO MHOFO pa3 MeHblUe, YeM CXKUMEEMOCTt TBePAOTC cKeneva. [ pyHTb)
€ ManoW CXWMaEMOCTHIO 06NaaatnT HONLLIMM aKYCTUYECKUM COTIPOTUBNENNEM.
OpHako npu BonbluMX AMHAMUYECKUX HErpPy3Kax MPOUCXOAUT BbiXKMMaHUe
804bl W BO3JAYXa W3 MOP ¥ CKUMEEMOCTb (PYHTE CYWECTBEHHO 3aBMCMT OT
CHHUMABEMOCTU TBEPACA KOMNOHeHTHl., [lpU BLICOKUX AABAHWAX pasfuywne
B CXKUMaeMOCTM BOJOHACHIWEHHbLIX TPYHTOB € GOABLLIMM WM ManbiM COABPXE-
HUEM BO3AYXa MeHbWE, YeM MpY HW3IKWX A3aBREeHMAX. PeaynbTaTe! akcnepw-
MEHTaNbHbLIX WCCNEAOBAHMA CEACMMYRCKOM ONAacHOCTU OO0 HEeHHbLIX BanyH-
HO-TaNeYHNKOBbIX TPABUNHO-TANEYHUKOBLIX C MECYAHbIM 3aidIHMTENEM [pPyH-
TOB [OBONLHO APOTUBOPEuYMBbLl (cM., nanpumep, pabory [133}). Oanaxo
ecnu cnpageAnvis TOT (aKT, 4TO BbDKMMBHUE XUAKOW ¥ rasoobpasHON KOMMO-
HEHT ManocCBA3HLIX TPYHTOB NpOMCXoanT B Boneweih mepe, vem Gonee csA3-
HbiIX TPYHTOB, TO BLIBOA, CAGNAHHLIA Hamu paHee [133], okasmzaetcea cnpa-
BeANuB. 3TO NOATBEPIKAEHO B WM3NOMEHHOM HubKe pazfefie HAaCTOAWENW MOHO-
rpagmn.

BcneactBue Toro 4TO OXKMMaEMOCTs BOAOHACHLIULEHHbIX TPYHTOB MOHWIKAeT-
CA 3@ CHeT BO3PaCTaHMA MX CEMCMUYECKMX XKECTKOCTEN, aMNANTYAbl KONeBaHun
HUXE, 4eM aManuTY ALl KoNeBaHi aHanorviHbiX FPYHTOB B CYXOM COCTORHUM
npU UMOYNBCHOM BOB&GVICTBMVI Ha H1 X,

Hatyphole HabnwogeHnA ANHAMUYECKUX XapaxkTePUCTUK KoneBaHuid rpyHTOoB
npyv yaapax Nposoaunuck B avimaydbix ugHTpax MHP. B paboTe npusopartcs
pe3ynhLTaTb) U3Y4YeHWA XapaKTepucTUK KoneBaHuit FPYHTOB Ha NAoulagKax
ropoaos MypsH v YnacyTain MHP. )

Anr pervcrpauyny KonebaHuit NpuUMeHANacs annapatypa ¢ ranskBaHOMETpU-
veckon perncrpayrein (H = 700 + FB = |V + OCNJ). B cocras ceMcMuyecknx
KaHanoB 0Obiiv BKNOYEHBl UApOKONONOCHbe younutenn. lapameTpel npubo-
POB 33AaBanucCk U3 pacyeTa 3anucer ckopocTel 6e3 das3osbIX UCKAXKEHUN B ZUA-
nasoHe yactoT 0,5-40 fu.
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Mpu Nonesbix 3KCNEPYMEHTAaX UCNONL3OBANMCL YAAPsl, BO3BYXAAEMbe na-
AGIOLIEN Trped C (HUKCUPOBAHHOI BLICOThI, TG MO3BOANUNG MOMYyYaTb 8 Kaxaok
TOYKE WMIYNRECE! OMHAKOBOW WHTeHcvBHOCTU. [AnA 3anucu konebaHwui npume-
HANUCL NPWBOPLI, PEFNCTPMPY IOLLME FOPN3QHTANBHYIO KOMMOHEHTY KoneGaHui.
Mpnops! YCTAHABAUBANUCE RO NPOMUITO Ha PaccTOAHMM 2 M apyr oT apyra.
PaccroAHue OT NYHKTZ yaapa A0 NEPBOro CeMCMOMNPUEMHUKA WU3MEHANOCh U
cocrasnane 25, 33, 44,57, 75 1 100 m.

B YnAcyTait mayueHsl KaneBaHun rpyHTos, BO3ByxAaemble yAapamw, B 12
AyHKTaX Habnwogenun. TPpyHTOSbIE YCNOBWA B MYHKTax HabnogeHwn u Mow-
HOCT b CT0E8 MpuBeaeHb! 8 Tabn. 4.2.

MpyHTbl MAOWAAKK 3aCTPONKM FOPOAA CPABHWTENBHO OAHOPOAHLIE W Npea-
cTaBneHbl B OCHOBHOM KPYMHOOBMNOMOYHLIMU FPYHTAMA. YDOBEHb TPYHTOBBIX
BOA ME@HReTCA CYLUECTBEHHO.

B tabn. 4.3 cBefleHbl Pe3ynbTaThi U3YYEHUA OTHOCUTENLHOrO yposHAa (4A/f }
«onebaxuit, YaCTOTHOIO COCTaBa, 3aTyXaHui aMnnMTya CencMMYecKUX KonebBa-
HWH € PAacCTOAHWEM WU NOrapudMUYecKnx AeKPEeMEHTOB 3aTyxaHuA Konebauui.
MpupaweHun BanneHocT A/ OTHOCMTENLHO 3TAMOHHOrO FPYHTA, 3@ KOTOPLINA
NPUHAT CKanbHeIA TPYHT, onpeaenAanuchk cornacHo hopmyne (4.6) . SdhdexTua-
Hoild KOBDULMEHT 3aTyXaHUA amNNUTY KoneGaHun Ny ONPEaeNnANCA ¢ UCNONb:
30BAHUEM 3aTIMCeRt OAHMX M TEX Ke CEMCMUYECKMUX KaHanos NpPU U3MEHeHuu
PacCTOAHWA OT UCTOYHWMKA A0 NpuemHuKa. KoaddmuumerTsl 1y, PaccunTaHHbie
No AEBATKH KaHanam, ocpeaHAnuch. JPdexkTuBHbIA KOapuiuneHT 3aTyxXaHKA
onpegensnca ¢ nomowso dopmynsl A = Agr “"o. Npu onpeaeneHnu A/
MCRONB30BANMCL OTHOWEHUA amMNANTYA kKoneBaHui B pasHbiX NyHKTax Habnio-
BEHVI OAHNM CEeACMUYECKUM KaHAfIOM Ha OAMHAKOBLIX ‘"anuueHTpanbHbixX'
PAacCTOAHMAX. 3aTEM NPOBOAVIIOCH OCPEAHEHWE BCEX PACCUUTAMHLIX 3HAYEHWUA
npupalerna BannsHoCTy.

Noraputhmnyecknii- JeKpemMeHT 3aTyxaHUR KonebaHui rpyHTOB B MYHKTax
HabnoaeHuin onpegenancr no ¢opmyne A = 0,73 IgA;/A; +y AnA ABYX
coceghux nonynepuoaos. flpyu atoM Bbibupanuck 3anucy koneBaHun n ux
YUYaCTKKM, TAE HAREKHO BbIABNANUCE PErynNApHble 3aTyxawwuve KoneBaHuA.
MHOXECTBO 3HAYeHUNA A ANA rpyHTa 8 MyHKTE HabRioaeHWA OCPeAHANOCH.
B vabn. 4.3 npuBegeHb! Tak>ke OCPeAHeHHble ANA FPYHTa B KaXKAOM NMyHKTE
HabnoaeHMA NepUOAb!, COOTBETCTBYIOLUME MAKCUMANbHBLIM aMANUTYAaM.

B nynkTax HabnoaeHuA 1, 3, 6, 8 rpyHTOBbLIE YCNOBMA OAMHAKOBLI, YpPO-
BeHb MPYHTOBbLIX BOJ 3aneraer JOCTAaTOYHO rNyBOKO OT OHEBHOW NOBEPXHOCTW.
OnpepenenHoie 3vauenna A/ AR 3TUX NYHKTOB HabmMoOaeHWiz COCTaBAMOT
08 6anna. MpyHTey NyHKToB HabnwoaeHwin 4, 5 0BBOAHEHL! NPaKTUY4eCKK C
noBepxHocTH. AnAa HUX HakaeHHbie 3HaveHna A/ coctasnsiot mexee 0,5 6anna.

flp conocTaBneHyn npupalieHnii GannsHOCTU € APYTUMY  XapaKTepucTu-
Kamu KonebaHui, npueefeHHsiMu B Tabn. 4.3, HabnwpgaeTcA AOCTAaTO4HO Ha-
AEXHAR X KoppenAumA. CKanbHble TPYHTbBE X3PaKTEPU3IYIOTCA MEeHbLIMMK
3HAYEHUAMU aMNRNTYA CKOpOCTed koneBanuit, NEPUOACB, NarapyumMuyeckinx
AEKPEMEHTOB 3aTyXaHUA W BONbLIMMUA 3HAYEHUAMW g IO CPAaBHEHWIO C HeoO-
BOOAHEHHbIMY PbIXNbIMU FPYHTaMW. 3HaYeHUA NOTaPUPMUNECKUX AeKpeMeH-
TOB 33aTYXaHURA My PbiXNaIX 0BBOAHEHHbIX FPYHTOB BNU3KU K 3HA4YeHUAM aHano-
MYHEBIX flapamMeTPos8 CKafbHeIX MPYHTOB. (103aTOMYy NpeacTaBRAeTCA uenecoob-
PazHeIM OBbeAMHATL BCe NAapameTpbl 8 Tpu TPYMNNbl: CKanbHbie, 0B6BOAHEH-
Hble poIXnsie U HeobBoaHeHHble, Tlpuyem OObIYHBIM NEPECcYeTOM No COOTHO-
WeHWo A ~ f onpesenvm satyxaHwe A, npueeaeHHoe K 1 ¢ (A;) . Bce sHaueHnA
XapaxTepuctuk konebaHwil npuseaem B Tabn. 4.4

3aTyxanue, npuseaesHoe « nepuaay 1 c, oTpaxaeT ANMTenbHOCTs KosebBa-
HUIA, BO3BYXKAACMBEIX MMAYNBLCHbIMU ncrtoudnkamu, Y navBonbiwan oHa npu
xonefaHnAx OBBOAHENHLIX FpYyHTOR. V3MepeHHble 3HAYEHWA AeHCTBUTeNb-
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Ta6nuwua 42 .
W HeNepHO-raofnormuecKue ropMaium NOPon KOPBHHOW OCHOBRBI,
KOMNRAGKCH 14 FPYHTLI PBIXABIX OTHCMEOHWI B NYHKTAX HabnoneHnn

" FlyHKT HabnK-

Aerui

on MowHocts
MCaHME PA3pesa Popmaunn cnos, M

"ny6una 3ane-
raHus cnoA, M

2 3 a

5

62

-

r. Mypan

BasansT P,
ApecBAHO-LEBHUCTbIE OTNO-

MEHWA C cynec4ansim obnec-

COBaHHbBIM 38NONTHUTENEM

{no 4 m)

laneuHo-webHUCcTIe DTHO-

WEHUA € BBNYHIMA U MNbi-

Gamu, 3snonHmMTens cynecya

sl (a0 24 ) . Tonwa

Be3asoaHan

T paBuitHo-raneuno-wes- al Qyy_1v 10
HMCTbIE OTACXKENWUA C

NEcYaHLIM 3ANONHNTENEM

pasui HO-raneyHo-wes- 10
HACThLIE OTNOXKEHHA C

PEAKAMM BRAYHAMMU W CY-

NecHaHbiM 3aNONHUTENeMm.

C rnyBuHe 18 M 06804

HE@HH bIe

Necyaxo-raneyksie 0TNO- 30
KEHUA C PEAKHUMN BE

NYHBMKN

To xe,4vone n.3 al Q1w
FpasuitHo-raneyHo- a6~ alQqp_1v 10
HUCTHIE OTIOXKEHUA € .
NecYaHbIM 2 "MONHUTe-

nem

CpasuiHQ-raneuto-ues 10
HUCTBIE OTNIOXKEHUA C

PeaKH MU BaNyHaIMK K

CYNecyaHsIM 3aron Hu-

1eneM. C rny6unel 18 M

06BOAHEHHbIE. )
fectaro-ranevyHbie oF- : 16
NOWEHUA

Mecyaso-ranevKple O1- - 30
NIOXEHUA C PEAKMMU BE-

nyHamu

CynecuaHo-uieBuncrele al Qi_rv 1
OTNOMEHUA, FANONHUTEND

AMEET crieqs! o bneccosa-

HUA

MNecok ¢ peakoh rane- 7
ro#n. O6eoaHenHbIn c 6 M

Mecyano-raneiHbie OTNo- 15
OHUA

[ pasuMHO-ranevHo-wet- 10
HUCTbIE OTMNOMXEHUA C Bany-

HaAMK U NECHAHBIM 3aN0NHWY

Tenem

0-10

10-20

0—-10

10-20

2036

8-23

123-33



Tabnunua 42 (npogomxenue)

2

3

10
11

Mecyano-raneuHsle OTNO-
WEHUA C PEAKUMY BaNY-
Hamun
Cynecuato-uebHucrsie
OTNOMEHUA, 3aNONHY-
Tenb UMeeT cneabt 06nec-
COBaHUA

Mecok ¢ peaKo# rans-
«0i, 06BOAHEHHEI C
6m

NecuaHo-raneyHble 0TNO-
YKEHNA

{ paBMAHO-ranevyHo-Leb-
HUCT b DTNOMKEHUA C
BRNYHAMU U MECYaH bIM
3anonHuTenem
Necuado-raneyHnie 0TNO-
WEHWA C peaKu My Bany-
Hamu
Cynecyano-ueGHucToie
OTNOXEHUA, 2ANONHNK-
Tenb uMeeT cneanl 06-
NeccoBaHnA

Mecok ¢ peaKo# rane-
KOW, OGBOAMEHHBIA C
&M
NecuaHo-ranesusie oTno-
HKEHWA
FpaanitHo-raneyHo -web-
HUCTBIE O TIMOIKEHUR C
B8NYHAMU U NecYaHbIM
33nonHUTENEM
Mecuano-raneyHele 0TNO-
KEHWA C PEAKUMMA BENY-
Hamu

To xe,ytown n. 8

To e, 4ytown n. 8

Cynecek ¢ peaKon webed-
KOW, umeeT cneas obnec
COBAHWA
ApecBAHO-weGHUCThE OT-
NOWEHUA C CYNECHAHbIM
3anonKKuTENneM
ApeceaHo-wiebHucTole
QTNOXEHVA C rnbiGamu

W NecyaHbiM 3AN0ONHKU-
Tenem. C raybunst 18 m
oGBOAHBHHbIE

FNWHLI KpacHosaTbie
FpauuTel cunbMo Tpe-
UWMHOBATbIE

F'pannTLI cunsMo NNOT-
Hblg

alQrpy v

at Qv

r. YaRcyTon
alprQ

15

15

10

15

15

10

15

18

- 30

8--23

23-33

8-23

23-33

0-4

4-8

826
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Tabnuua 4.2 (okoH4aHue)

1 2 3 4 5
3 Toxe,MTon n. 1
4 MecyaMo-raneymie oT- al Ot 10

noxennA. C cnyntol
2 M 0680AHEHHBIE

5 CyrnvHku ¢ peaKomn al QI\’; 2 0-2
ransKon
Mecuaxo-raneysple or- 80
No>eHWA, 0BBOAHEH-
Hbe . ,

6 Cyneck ca cnegamm alpr Qypp 2 0-2

' oBneccosaHmuA :

CyReck € BKIHOYEHUEM 16 2-18
ranbku

7 [ paBuiAHO-raneyHo -uie6- 15 18-33

HUCTbIE OTNOXKEHUA ¢

BaNYHAMU U NECUYaHLIM

3anonHuTenem, obeoa-

HRHHbIE

FpaeuiHO-raneyHo-ute6- 5 33-38
HUCTBIE OTROMKERUA C

pPEAKUMU BanyHamMmu v

CYnecYaHsIM 3anonHu-

Tenem

DpecaAHo -weBHucToie OT- 20 38-58
NROMEHNA C rmubamm u

NecYaHbIM 33N0NHUTENeM

TnuHel KPacHoaaTLIe 25
8 To xe,wTOoMBn. 6 .
9 MNecuaHo-ranesHeie oT- alQpy 80

NOXEHNA € PEAKKMUA
BanyHamm. C rny6une
12 m oGBoaHeNNHbIE
10 To xe, yTon 8N, 9 elal Q
1 OpecsAHO-webHUCThIE TP, 8 8-8
OTNOXEHWA € bl
BamMmu 1 NecHaHbIM 3a-
nonHUTENEM
{ paHuTOMAb! TPELBHO-
BaTbIE

Hbix ANUTENsHOCTER KoneBanuii (Tabn. 4.4} RKOCTaTOMHO HANEXHO Koppenu-
pyloT C A, .

MockoneKy Bbile NOK33aHO, YTO BO3BYXAIEMbIE UMMYNBLCHLIMU WCTOYHUKA-
MW AMRNUTYALI KoneBaHuit ONpeaenslTCA CEMCMUYECKNMMU 3KECTKOCTAMMN TPYH-
TOB, TO METOAMKA OKOHYaTenbHOro onpegeneHwA A/  AomxHa BeITe aHano-
FUYHOW MeTOAMKe onpeaeneHWA 6annbHOCTU NPU HEeNOCPeACTBEHHOM UCNONb:
3083HMM  CKOPOCTE! pacnpocTpaHenuR yNpyrux BOnH, WHade, npupaweHns
6annbHOCTU ANA O6GBOAHEHHLIX FPYHTOB BbiWwe Npupawendna 6anneHOCTU AnA
AHanNOrUYHbLIX HEODBOAHEHHBLIX FPYHTOB HAa BenNUYUHY, ONpeaenReMyto 3a ypo-
BeHb FPYHTOBbLIX BOA, COTNACHO (hOpMyne

F
004k yrg

A’yFB'—-' ¥e
B r. Myp3H u3yvanuck KoneBaHnA rpyHTOB, BP3ByXaaembie yjapamu
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Tabnuua 43

CpenMve Npupawiedna 6annbHOCTH, IHHDEKTUBHBLIE KOIPMDMUNEHTHI U ASIKPOMEHT bl ATYXBHUA,
NEPMOAbI MBKCHMENBHBIX aMANNTYA KonoBanuit B nyHKTax HaGnogeHun (r. Ynacyrai)

2:: KT Habnwae- Al o r T e N

— - T
1 0,76 0,05 1,39 0,029 0,062
2* 0 3,70 0,0185 0,054
3 0,8070,07 1,26 - 0,026 0,080
4 0,37 0,05 1,86 0,037 0,054
5 0,270,05 2,00 0,037 0,050
6 0,082 + 0,1 1,83 0,030 0,061
7* 0 2,68 0,0184 0,050
8 08 70,07 1,80 0,031 0,073
9 0,570, 1,10 0,029 0,045
10 0,4 +0,05 1,90 0,033 0,057
11 0,027 0,08 1,77 0,049
12 0,4%0,05 1,60

* CranbHell MPYHT.

Tabnuua 44
Cpeanue npupaueHA 63NNbHOCTH, AEKPEMOHTbI 3aTYXAHUA,
ahdekTraHbIe KOXDPUUMEHTLI U NBPMOALI MAKCUMANISHBIX aMNANTY A KoneGaHwn i
AfA PAIHBIX TPYHTOB

OTHOCUTENbHAR
Fpynt at Ay o T.e ANNTENBHOCTD
CransHbv ) 0 28 22 0,0184 0,12
O6sogHeHkbIR 0,3 2,10 1,84 0,0313 0,63
PbIXNbIA
Heo 680 aHen- 0,8 1,62 1,45 0,0334 0,30
HbIA

14 nyHKTax HabogeHwit. I pyHTOBLIE YCNOBUA NYHKTOB HaGmogewun 1—11 npu-
BefeHb! B Tabn. 4.2. IPyHTHI KpYNHOOGNOMOYHbBIE, C PA3IMYHLIMK 3aN0NHUTE-
NAMU, MOWHOCTEIO Gonee 30 ™M, ypOBReHs FPYHTOBbLIX Bof He shiwe G m, T. e.
“ouar” ypapa HaxogMTCA NPaKTUYECKW B HEOBBOAHEHHbIX rpyHTax. (MyHKT
HabnoaeHNA 1 NPEACTaBNEH ATANOHHLIM (CKANBHBIM} TPYHTOM.

B 7abn. 45 npusemeHbl cpegHue 3HaveHua A/, norapudMuuecKkue aeKpe-
MEHThI 3aryxaHuA, NpuBeaeHHble K nepuody 1 € W CpeaHue Neproabl MaKcu-
ManeHbIX amMNNMTYA KoneBaHUW TPYHTOB BO BCeX NYHKTax Habniogennna. Cpea-
HUE 3HAYEHWA NpUpaweHuit BanNbHOCTY PBIXNBLIX FPYHTOB W3MEHAKTCA 8 Mpe-
Aenax 0,6—0,8 6anna; nepuoasi 0,03—0,04 ¢ A, uzMeHnwTCA 8 npeaenax 1,2—
2,0. 3Hauenun napameTpos KoneBamwii o6BeAMHENE) B OAHY FpYNNY.

FpyHT al A, ng T,¢
Ckanshein 0 35 2 0,02
Poixnsin 08 16 1,4 00344

M1 06beauHuan rpyHTsI BO BCEX MYHKTaX HabBNOAeHUR 4R yCTaHOBAEHUA
HanBonee oBLMX 3aKOHOMEPHOCTEN CBA3U MPUPALLIEHMA 6aNILROCTI, 3aTy XaHUIA
W Nepuogoe xonebannit ANA ckansHbiX K poIXnbiX FPYHTOB. CkanbHble FPyHTs!
C BONBWON aKyCTUNECKON eCTKOCTLIO (Tabn. 4.4) XxapaKTepuayloTCA Bbico-
KUMKW 3HaueHUAMU KOIBDUUMEHTOB u AEKPEeMEHTOB 3aTyXaHum, NpuBefeH-
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TaGnuua 45
Cpenuune npupaiyeninsa 6annbHocTH, 3ththek TMBHBIC KOIDUUMEHTEI U ABKPEMOHTBI 3ATY XaHMA,
NepUOaLl MAKCUMINBAEIX AMANNTY R KonaGanuit rpyuroa
8 nyHiTax HaBniopeHui {r. Mypan}

e R e |
i T

2 0.4 70,05 - 0,019 0,07
3 0,65 7 0,07 1,81 0,032 0,047
4 0,770,1 - 0,035 0,06
) 0,6 +0,09 - 0,028 0,06
6 07701 1,43 0,029 0,06
7 08701 1,7 0,027 0,057
8 0,7+01 1,49 0,033 0,05
9 0,870 1.40 0,028 -
10 077040 130 0,037 0,046
11 08+0,1 1,27 0,030 0,057
12 0,7+ 0.1 1,47 0,03
1t 0 1,85 0,019 0,07

* CrRanbHbIA rpyHT.

Tabnuua 486
CxonumocTs PeIynbTaTOR ONPeAEnsHUA NPUPALLenii BannyHocTi
N0 METoRY aKYCTUYECKUX WEeCTKOCTeH

1 ¢ MCNONBIOBAUUEM aMNAKTYA Konebauwit Nnpu yaap
NyukT Habnioae- 7. Mypau r. ¥nAcyTal «
HUR A’yn A/pl/ J Al)’.‘.l ' AIpV
K i
2 04 - 09 +1,17
3 09 1.3 Jranon 024
2 0.9 1.4 1.0 1,04
£l 0,8 1 ,3 1 :7 1 ,83
8 0.9 143 1,68 1,78
. 1.0 14 1,02 117
8 09 1,56-1,7 - —-
9 1,0 1,00 1,06
1o 09 1.4 1.7 1,78
n 1.0 1.4 1.7 1,78
12 09 0,7 0.2 0.2

HbIMU K nepuopy 1 c. Psixiible FPaBUAHO-TaNeuHUKOBLIE MPYHThI XapaKTepusy-
10TCA BGonee HU3KUMU 3HAYEHUAMU KOIDPUUMEHTOB M AEKPEMeHTOB 3aTyxa-
HAR # BoAfbLMMK 3Ha4eHUAMY nepnopos. (pupauleHre BannbHOCTM ANA 3TUX
rPYHTOB COCTIaBAAET NPUMEPHO oawd Gann. Bee napamespwl {cm. Tabn. 4.4}
PbIXNbIX OBBOAHEHHBIX TPYHTOB MMEKT 3HAYEHWMA, NPOMEXYTOUHLIE MEXAY
3HAYEHUAMM aHANOTUNHBLIX NapamMeTpoB CKaftHbIX WU PbIXbiX HEOBBOAHEHHBLIX
TPYHTOB.

Ha tepputopuax r. MypsH s YnAacytaili npoBoAUNQCh W3yYeHue CKOpoC-
Tel pacnpOCTpaneHwA ynpyrux 8oNH ANA ONpeaencHnA NPUPAEeHnid Banny
HOCTH N0 METOAY @KYCTTUHMECKUX KMAKOCTeN Kaxk Haubonee paapaboTaHHOMY
M3 KOCBEHHLIX METOANB CEACMUYECKOTD MUKpopaiowuposanva. B tabn. 4.6
NpUBEAEHb! PE3YNbTaTh! ONPEASNEHUA NpuauieHunit GannsHOCTU N0 ABYM Me-
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tonam. TTOCKONLKY MpW MCNONbL30BaHWM AMHAMMYECKUX X3PAKTEPUCTUK KO-
feBaHwin, BO3BYXAEMBIX YAADAMU, IMNAWTYALI ONPeAenATCA aKycTudec
KUMM KECTKOCTAMU B@DXHUX CNOGB FPYHTOB B AyHKTe yaapa Ao 8—10 m,
a He BOMbLLEN MOLLHOCTbIO, KaK NPW 1CMONb3OBAHNM CKOPOCTEN YNPYTUX BONH,
tg npupaweHua BanneHOCTM NO amMnNaWTyaam  xkoneBaunii AaloT HeCKONLKO
3aHVXKEHHbIE 3HAYEHWA.

B yenoMm e CoBMajeHue pesynbTaToB Mo ABYM MeTogaMm Xopoiuee.

CneayeT OTMeTUTb, YTO HaMKU He YuUTbIBanace Heynpyraa JONA 3Hepruu
8 NyHKTax y/Aapd, O4eBMAHO, PA3NUYHER fPU YAAP3EX B PeIXNbIX TPYHTAEX, Kak
3HepruA, 3aTpauvBaeman Ha “oTcKkoK” rupu npu yaape. OgHako yaoBneTteo-
pUTenbHAA CXOAMMOCTE ABYX METO/0B fIPUDALUEHUA BannsLHOCT CBUAETENb-
cTBYeT O CMpaBeanusocTy NpeAnoXeHHon gopmynsl. Kak nokasann vccnelo-
BaHUA, TaK Ha3biBAEMbie PE30HAHCHbIE ABMEHWA B MPYHTAX NPU KUCNONL3OBAHKN
ANA OUeHOK A/  aKYCTMYECKUX MECTKOCTEW U cnocoba, NPeanoXeHHOro 3aecs,
BYAYT yuTeHs! yaemtieHnem ko3pduumnenTos B 2 pa3za B pacueTHeix (hopmynax
C.B. Menseaesau (4.6).

4.4, PACYET NMPUPAUEHKUA BANNbHOCTU KOCBEHHbIMU METOAAMU
C YYETOM COCTORHUA TPYHTOB

CeMcmuuecKkoe MUK POPaRoHUMpOoBaHue B paiioHax BoctodHoi Cubupw ceasa-
HO C OCOBbIMU TPYAHOCTAMW, KOTOPble ODBACHAKTCA HAnNUWYMEM Ha uccneaye-
MbIX TEPPUTOPUAX FPYHTOB Pa3fiMMHOTO COCTORHWUA. JTO NONOXKEHWUE YCNOMKHA-
eTcA ewe U TeM, UTO yepenosBadHve Mep3nbiX, BO3AYLWHO-CYXUX U BOAOHAECHI-
LLeHHbIX TPYHTOB RPOMCXOANT He TOMbLKO M0 NNotaad, Ho u ¢ rrybuHoi. Kpo-
Me TOro, NPU NPOEKTUPOBAaHUU CTpoUTeNnbLCTBa No npuHuvny | u It [138] npouc-
XOAUT AMGO W3MeHeHUe TemnepaTypsl Mep3fbix rpyHTos (fipuHuun 1), nuéo
VX Mepexod B Tanoe BO3AYLIHO-CYXOe UAW BOAOHECHIULEHHO® COCTOAHME (NpuH-
uun (1), B 3TOM CAyvae uaMeHeHue CEACMUYECKON ONAacHOCTYU FPYHTOB, CnyXa-
W4{UX OCHOBaHWAMM 3AaHui, OyaeT 3@BUCETb OT WHKEREPHO-TECNOMMYECKUX
YCNOBWIA, HU3MKO-MEXAHNYECKUX CBOWCTB FPYHTOB, TeMnepaTypHOro pPexuma
Mep3fiblX FPYHTOB W BOAOHACHILWEHHOCTY OTTaAswux rpyHTos. Ouesuamo,
4TO MPUMEHAEM3RA MeTOAMKAE CeUCMUYECKOTO MUKPOPaNOHUPOBAHUA B TaKuX
YCAOBUAX [ONXHE COAEPXKATh CRocoBbl OUEHKWK CEeMCMUYECKOM OMAacHOCTH
KaK C y4eTOM COCTOAHMA FPYHTOB, TaK W C YY4eTOM U3MEHEHWA UX COCTOAHUA.
C yyeTom cKa3zanHOro, HMXE KpaTKo PacCMaTpuBaOTCA OCHOBHbIE Pe3ynbTa-
Tbl 110 OUWEHKE CeHCMMYECKOW ONACHOCTY BOIAYLUHO-CYXUX (HEBOAOHAECKILLEH-
HbiX) , BOAOHACHIWEHHbIX {0BBOAHEHHBIX) U MeP3NbIX FPYHTOB.

Ana nanbonee pacnpocTpaHeHHbix TUNoB  rpyHToB BocToudolt Cubupu
(cKanbHbiX, rpyBOOBNOMOUHBIX W TIECHAHLIX} B Pa3NUYHOM COCTOAHMW pac-
CMaTPUBAIOTCA CKOPOCTM PAacNpPOCTPaHEHWA MPOAOCNBHbIX W MNONEpeYHbIX BOMH
{V,, V), yaensHoe anexTpuyeckoe conpoTupnexve {p} n OTHOWEHWE MaK-
CuManbHbIX amMnanTys (A;/A.) .

MeToauka mayueHWA CKOPOCTEN U yAEbHLIX INEKTPUYECKHUX CONPOTUBnE-
HUA nanowena B pasa. 2.5. OTHOwenve mMakcuManbHeiX aMNANTYA uccneaye-
MBIX ¥ 3TaNOHHLIX FPYHTOB OWUEHWBANOCHL MO 33aNUCAM GNU3IKUX 3emMneTpAce-
HUI G 3NUUEHTPANbHLIMY PAacCTOAHUAMYN g0 200 KM 1 3H2PreTUYeCKNMU Knac-
Camu o1 7 go 11. AnA avanmn3a UCNOMbL3OBANUCE B OCHOBHOM AaHHbIE O 3eMe-
TPACEHNAX, NpuBefeHHLIX B paboTax [56, 48, 133]. Bo scex cnyuaax 3a 23va-
710K BbIBMPanUCh CKanbHLIE TPYHTAI.

M3 aHanuza o606uieHHbIX AaHHLIX (puc. 4.4) BLIABNATCA Cheaylouime
3aKOHOMEPHOCTU B W3MEHEHWAX M3y4aeMbix NapameTpoB. CKOPOCTW NPoAOnb-
HbIX W nonepeuHbix BONH BO3IPACTAOT NPU MEPEXOAE OT BO3AYWHO-CYXUX K

67



|

J
V‘;, AME
P uc. 4.4. Usmerenne ckopocTed npoaonshetx (V) 1 nonepeuneix (V) BonH, yaensHoro
JNEKTPUUECKOrD CONPOTUBALHUA (p) W OTHOLWIEMMA MaKCWMAnNbHLIX AMMNWUTYA {A;/4)

B 32BMCUMOCTI OT COCTaBa K COCTORAHWA rpynToR BocTounoi Cubupn
I'pyHTBI: / — BQ3gywHo-cyxOM coctomnnv; {f — o6Boanennom; /-~ mepanom

i R Sk A TR

Sk

P wc. 4.5.3aBUCHMOCTE CKOPOCTY NPOADALHBIX BOAH OT NONEPEYHbIX AMFA BO3AYILHO-CYXUX
(#}, sopoHackieHHbix () v mepanwix {(/{) rpynToB

BOAOHACLILEHHBIM M MeP3neIM rpyutam. Beneactewe HEOAMHAKOBOW MHTEH-
CUBHOCTW WX W3MEHEHWA B 33aBUCMMOCTU OT PACCMATPUBAEMbIX COCTORHUNA MX
OTHOWEHWE (Vp/VS) YMEHLUWIAETCA OT BOAOHACHIWEHHBIX K BO3AYWHO-CYXUM
W WMep3fibiM TPYHTaM. YRenbHOe NneKTPUYecKoe CONpPOTMBFEHWE NO CpaBHe- .
HUIO € OTHOLWEHMEeM CKOPOCTEW MMeeT 0BPaTHYIO 3aBUCMMOCTL OT COCTORAHWA
FPYHTOB — OHO MWHUMANbLHO ANA BOAOHAChIWEHHLIX M MEKCUMaNbLHO ANA
Mep3blX.

OtHowenue A4;/A, ANA BCeX COCTOAHWA MeeT OBPATHYIO 3aBUCMMOCTL OT
£ 1 yMeHbiladeTcA Npy Nepexolse oT 06BOAHEHHBIX K BO3RYLUIHO-CYXUM U Mep3-
filliM  FPYHTaM. XapaxkTep W3MeHEeHWR pPacCMaTpusaemblX NapamMeTpoB MoKa-
3b1BaeT, YTO ANIA KaXAOro COCTOAHUA TPYHTOB SO03MOXHO YCTaHOBWUTH He-
NOCPEACTBEHHYI0 3aBUCUMMOCTL OTHOUWIEHUA MAKCUMABALHMLIX aMnautya ot V,, )
Veo £ M B 338BUCHMOCTA OT COCTOAHKA CBA3L A;/A, = f{p). Oavako yaenbHoe
INEKTPUUECKOR COMPOTUBNEHWE — HEYCTOWYMBLIM MapameTp B OTHOWEHWUU
MWHEPANW3IaUUM, FNUHUCTOCTH, BRAXKHOCTU W TemMnepaTypsl. 3T0 OCHOBHAA
NPUYMHa, KOTOPAA OFPaHNuUBaeT fPAMOE WCMONL30BaHWE YANLHOIO 3NEeKTPW-
4eCKOrO COMPOTUBAEHUA ANA DUEHKW CEUCMHUUYECKOW QNACHOCTY FPYHTOB. F

Heobx0anmo OTMETUTL, 4TO BAWAHWE COCTaBa rPyHTOB Ha V,, V. ymeHb-
WwaeTcA npu nepexope OT BO3AYLWHO-CYXHMX TPYHTOB K Mep3fibiM, 2 A;/Ay —
OT 00BOAHEHHBIX K MEP3NkIM. %

Takum obpa3om, npoBegeHHbIn aHanuW3 3asucumocten V,, Vi, p u A /A
NOKa3bIBaET, HTO OUEHKY CEUCMUUYECKOW OMacHOCTVM [PYHTOB HeoBxoaumo
NPOBOANTL C YYETOM MX COCTaBA W COCTOAHWA. B Takom Hanpasnenun 8 pano-
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ax PasBUTWA MeP3NOTH AOMKHO WATA 1 COBEPLWIEHCTBOBAHME KOCBEHHbIX
cnocoBoB  ceficMuYeckoro  mukpopaitoHuposarua. Ocoboe sHAMaHue npu
270M HEOBXOAMMO YAENATh MPOTHO3Y YKa3aHHbIX Bbile NapameTpos FPyH-
70B NMPY U3MEHERUU UX COCTOAHUA NO NNOWAEAN U C FNYBMHON.

HeKOTOPLIE BO3MOXHOCTW ANA Takoro NPorHO3a OTKPLIBAOT 3aBUCMMOC-
m Y =f{V} AnA Tpex COCTOAHMWN MEeCHaHsIX, rpy6006nomounb|x M CKalb-
HBIX nopon, nonyveHHole No GONbWOMY KONWYECTBY W3MEHEHWIA ANA KaxAao-
o cOCTOAHUA NO Hau60nee BEPOATHLIM  MUHUMANBHLIM ¥ MaAKCWMaANbHLIM
sHadernam V, u Vg [4G9, 51, 53]. OTMETUM HEKOTOPbIE 3aKOHOMEDPHOCTU B
“3MEHEHUAX Vp [7) V B 33aBUCUMOCTU OT COCTaBa W COCTOAHMA FPYHTOBR {cMm.
Tabn. 2.4).

[nA Kaxgpoit pa3sHOBUAHOCTU FPYHTOB BO BCEX WU3YYaeMblX COCTOAHWUAX
3aBUCUMOCTL Mexay V, n YV nuneitna [51, 53]. B B03AYWHO-CYXUX IPyHTax
cxopocT Vi uameHmoTcn ot 150 no 800 m/c, oTHOoweHue V,/V; Heckanbko
yBenuumBaeTcA. [anbHeNwuiA pocT CKOPOCT# NMPUBOAMT K YMEHBLUEHUIO WX
OTHOLUGHM%. B MED3ALIX W BOJOHACLILLUEHHLIX I'PYHTAX C yBENIWYEHNENM CKOPOC-
TeN CEMCMMYECKUX BONH OTHOLUEHWE CKOPOCTEW YMeHbLUAeTcA.

Mockonbky 3asucumocty V), = f{V) (cM. puc. 4.5) xapakTepusyloT oau-
HAKOBbLIE MO COCTaBY FPYHThl, OHU WCNOMNbL3YOTCA ANA NPOrHO3a W3MEHEHUA
CKOPOCTEN MPOACAbHBIX ¥ MOMEPEYHbIX BOMH MPU Mepexode rpyHTa ¥3 gAHOMG
cocTorHUA B apyroe [49, 61, 53]. HexkoTopbie ero pesynbTaTte ByayT npea-
cTaBneHbl Huxe, Moka ke 80CNONL3yeMCA 3TUMU 33BUCUMOCTAMU anA obuye-
ro aHanMaa CeMCMMYECKOM OMAacHOCTU M3Y4aeMbiIX PasHOBMAHOCTEW (PYHTOB
B Pa3NNYHbIX COCTOAHUAX,

AnA BO3AYWHO-CYXWUX TFPYHTOB AMAENasoH WU3MeHeHUA CKOpOCTEW B8 Npede-
nax 300-500 m/c cOOTBETCTBYET W3MEHEHWIO CERCMUYECKOW OMacHOCTM, oue-
HeHHOW no ¢opmyne C.B. Megseaesa [110] no asyx 6annos. Mo oTHOLWEHMIO
MaKcUManoHbiX amnnuTys (puc. 4.4) Haubosiee BEPORTHOE 3HAaYeHWE NpUpa-
WEHUA 6annbHOCTU ANA FPYHTOB 3TOrO COCTOAHWA OTHOCUTEN®HO CKanbl HaXo-
putcA B8 npeaenax 0,7—1,5 6anna, a pa3Bbpoc 3Hauernii 0T Hawbonee BEPORTHO-
ro MOXeT npeeebiwate 2 Ganna [56]. XoTA npu cpasHeHUAX CKOPOCTeid B3ATLI
KpaliHie 3HaueHwd, a He Hanbonee BePOATHbie (KaK 3TO CAENaHO ANA aMmnau-
TyA), KOTOpble ANA CKanbHbIX rPpyHTOB Bnnaku k 4000 m/c, anA necuyanpix —
500, a anA rpy6oo6nomourbix — 800 M/C, MOXHO OTMETWUTE xOopoluee corna-
CHe DUEHOK npupawlenui BannbHOCTH 3TUMKN ABYMA METOAAMN.

Mpy TaKMX CpaBHEHUAX MOXKET BbI3BaTh BO3IPaXKEHWEe TO OBCTOATENLCTBO,
4o A/ onpegeneHbl NO NapaMeTPaM, MMEIOLLMM Pasnuunyio U3UYECKYIO
npvpoay. MakcumanbHeie amMnAnTyasl  06ycnoBRNUBaKTCA  OCOBEHHOCTAMM
QYara 3eMNETPACEHUA, 3aTyXaHMEM, PAacCeUBaHWEM 3HEPTWW HA Tpacce curHa-
Na Ha HEORHOPOOHOCTAX CPEAbl W PasAVYMAMU B MPYHTOBEIX YCNOBUAX BEPX-
Hel YacTu paspesa 4G MOHONWTHbIX CKankHbix nopoa [110]. C apyroi cropo-
Hbl, CKOPOCTM ceCMWYBCKWUX BONMH npw pacuetax A/ ©OepyTcA anA BepxHei
AECATUMETPOBON TOMWMU. M3anoxkeHHoe NPvBOAUT K BLIBOAY O Heobxoaumoc:
TV NPU pacueTax NpuUpaLleHUi BannbHMOCTY 3a CYeT FPYHTOBLIX YCNOBWA MCTIONb-
30BaTbh CEMCMUYECKME NAapaMeTpsl, COOTBETCTBYHULME CAOIO FPYHTA OT NOBepX-
HOCTU A0 rNy6udbl, HaYUHAA € KOTOPOH CeMCMUUYECKaR >KECTKOCTb 2V cTaHo-
BUTCA paBHON 3TanOHHOMY 3Hauenmio. OfHaKo Ha NPOABNEeHWe 3eMAETPACEHWUI
Ha NOBEPXHOCTU MOXKET TaKke 0Ka3biBaTb BAMAHWE UHTEHCHBHOCTL U3MEMEHUA
AKYCTUHECKUX KecTKOCTed ¢ rnyBunoli. Ecnn npu 3T0M yvuThiBare ponb no-
BEPXHOCTHBIX BOMH, BbICTPDE 3aTYXaHWE WX WHTEHCUBHOCTU C rNyGUHOR 1 yae-
Nu4eHne amnnuTynbl KonebaHuWin B CaMOM BepXHEM Croe 3a c4eT OTPaxKeHuA
CeCMUYeCKMX BOMKH OT AHEBHOW NOBEPXHOCTW U APYrvie MHTeptepeHUMOHHbIe
ABNEHUA B BepPXHEW 4YACTWU Pa3pe3sa, TO MOXHO NPEANONOXUTh CyUlecTBOBaHUe
Haubonee ahtheKTUBHOrO CROR, nNapaMeTpel KOTOporo B Bgnbliei crenshu
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P u c. 4.6. MameHenne KoapdmumenTta Koppenrumu mexay pV u A/A; ANA pasanuyiHon

AahPeKTUBHON MOLUNOCTH CROA TPpyHToB (3} # 3aBUCHMOCTL npupawenuin BannsHOCTH,

PaAcCHATEHHBIX MO CeNCMUMECKUM YKECTKOCTAM M NO OTHOLWEHNIO MAKCUMANbHLIX aMMNNW-
Tva (6)

KOPPEeNUPYIOTCA ¢ CEACMUYECKOW OMN3CHOCTbKY TPYHTOB ONPEABNEHROrO COCTA-
8@ M COCTOAMURA,

Hamu 6binv npoBefeHbi IKCMEPUMEHTaNbHbie HABNIOAGHUA, HaNPaBneHHbie
Ha BbIABAEHKE BNWAHUA MOLUHOCTH CNOA HEBOAOHACLILEHHBIX FPYHTOR Ha OLEH.
KY MX CeMCMMYECKON oracHoCcTW. [NA NpoBeseHWA TAaKOro aHafMm3a uCMonb3o-
BanuUCb 3anWcy 3emrneTpAaceHuin B8 8 nyHKTax Ha Tepputopun MHP. B kaxaoi
Touke Obino 3aperucTpupoBaHo A0 20 6AK3KUX 3EMNETPACEHUIA U NPOBELEHO

namMepenie CKODOCTeI?‘ CEVCMMUECKUX BONH B CNOE A0 MOHOMUTHBIX CKaNbHGLIX

nopos. BepxHAA wacTe pa3pe3oB 8 NyHKTax W3MepeHWil npeacTaBneHa necya-
HbIMW, FPaBUAHO-raneYyHbiMKu, rpyboo6noOMOYHBIMM W pPa3PYLIEHHBIMU CKaflb-
HbiMU niopogaMu. CKOpOCTHM NPOAONLHLIX BOMH B CAOAX Ha3BAHHbLIX FPYHTOB
MeHAnMes of 500 ao 2300 m/c. B MOHONUTHBIX CKanbHbIX NOPOAAx, NPeacTas-
feHHbIX fpPaHMTamMu # BaszaneTamMu, CKOPOCTH P sonH Bapeuposanu ot 3300
ao 4800 m/c.

OueHenbt cpeaHMe 3HaYeHUA cKopocTel B cnoAax ana 9 rnybun. [Ana kakaon
UK CNPOBAHHON rRybBnHel paccuuTansl Ko3addmuneHTs: Koppenaunmn no 8 nap-
HbIX 3HAYEHWAM Mmexay A;/A, u Vp (puc. 4.6, a) . HaunHana ¢ rayBumb) 4—6 M,
CBA3b MeXAay Vp n A;/Ap XapakTepusyercA BbICOKUM KO3IhdvumneHTOM KOop-
penAaumn, pasHem 0,67. Ons rayBur 1218 M koaduumedt umeer MaKcu-
ManbHole 3HaveruA 0,8-0,82. C ysennueHneM addeKTUBHON ray6uHbl OR GbicT-
po ymeHbwiaetca ¥ aocturaer 0,24 npu h = 80 M. Taka” 3aKoOHOMEPHOCTb W3-
MeHEHVUR Ko3ddruuneHTa Koppenayuy MoXeT 6biTb 0BBACHEHA ABYMA NPUYU-
HaMK: MO0 BbIPAaBHWBAHWEM 3HAYEHWUN Vp C yBenudeHneM 3 ek TMBHOW Mowl-
HOCTW CNOA, AUBO TeM, YTO Ha MAKCVMasnbHble aMMANNTYALI OCHOBHOE BNWAHVE
0KAa3bIBaeT caMaA BepXHAR 30Ha pa3pe3a. Echm paccMaTpuBaTh Ha ypoBHE KO-
duumenta Koppenaurn, pasHoro 0,7, ata rnybuHa MOXeT MeHATscA oT 7 A0
30 m. )

NonyueHHbIe pe3ynbTaThl MNOATBEPXKAAT HEeNOCPeaCTBEHHOE CcpaBHeHue
npypaweHnid 6annbHOCTY, PACCYUTAHHLIX NO CEWCMUYECKUM XECTKOCTAM W NO
OTHOWEHUAM MaKCUMansLHbIX amMnnutya. Boiuvcnenune A/ nposoawnocs anA
h, pasHbix 4, 12, 48 v 80 M {puc. 4.6) . Nyuiuee cosnageHne mexay npupauie-
HUAMM G8HTBHOCTH OTMEYEeTCA ANA 3EKTUBHONW MOWHOCTH CNOA, BAn3KoH
K 12 M. C pocTom A yBenuunBaeTcA paanuuve, a CnegoBaTensHo, KOIMHUUUEHT
KOPPENAUMK MEXAY HUMU YMEHbLIWAETCA.

YcTaHoBNeHHAA 33KOHOMEPHOCTL U3MEHEHUA KOIPHUUMERT KOoppenAumn
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mexay A;/Ag n V, (cm. puc. 4.6, a) He ABNARTCA YHUBEPCansHOA ANA Bcex
pacCMaTpUBAEMbIX COCTOAHWA TPYHTOB. Mpu PaccMOTPEHUN HOBLIX AAHHBIX,
nOMyYeHHbIX HA Y4aCTKax ¢ BONLLWOW rnyBuHOi 3aneraHuA KopeHHbix nopos
ip HALUEM CRY43E MOUWHOCTE PbIXMNbIX FPYHTOB MEHANAcs OT 4 no 40 m), koad-
(bULMEHT KOPPENAUAK ByaeT yMeHbLIATLCA C YRenu4eHWeM A MeaneHHee, a npu
MeHbLUEH rnyBuHe 3aneraHua KOPeHHbIX NOPOA, CMYXaWuX aTafoHOM, — BbicT-
pee. B NepBOM CRy4de MaKCUMAanbHbiM 3HAYEHAM KObpUUMenTa Koppena-
umn ByAeT COOTBETCTBOBAaTh GOMLLUOW AMAaNa30H W3MeHeHUA A, BO BTOPOM -
MeHb LA,

B BOACGHACHILLEHHEIX [PYHTaX NPUPALLEHME CEHCMNYECKON 6annsHOCTY OTHO-
CUTEenbHO CKANLHOMO FPYHTa, paccyuTanHoe no A;/A, (cm. puc. 4.4), menner-
ca ot O pno 2,8 6anna. BeivucneHus nposogATea no tbopque C.B. MeaBeaesa
{110] ¢ y4eTom nonpasku 3a 06BOAHEHHOCTL A/ =g~ 004" Lhe h — rnybn-
Ha 4O YPOBHA FPYHTOBbIX BOA. B HacToAwee BpeMA No 3Toi hopMyne OUBHK-
BaeTCA NonpaBKa 33 OBBOAHEHHOCTb TOMLKO ANA NECKOB, Cyneced W CyrnwH-
KoB. JNA rPaBUAHO-TafleuHBIX FPYHTOB ¢ NECYaHbLIM 3anofiHuTeneM yKasaHHan
dopmyna ucnone3yetcA ¢ Koadduunertom, pasHsim 0,5, u ana kpynHooBno-
MOUHBIX FPYHTOB NOMpPaBKa 3a 06BOAHEHHOCTL He BBOAMTCH {133].

Apuy asluMcneHVr NpupalLeHuin celcMudeckoi BanfbLHOCTU aAnA obBBoaHEH-
HbIX FPYHTOB NO CEACMUYECKMM XXECTKOCTAM BO3HWKAET HEKOTOPAaR Heonpaae-
NEHHOCThb, CBA3AHH3A C TeM, YTO UCNONbL3YIOTCA 3HAYEHUA CKOPOCTeN, He n3me-
peHHbIE HENOCPEACTBEHHO B OOBOAHEHHOM rpyHTE, a BoiBUPAKOTCA B TaKUX Xe
Mo COCTaBy MPYHMTax, HO HAXOAALMUXCA B HEOBBOAHEHHOM COCTOAHMW. JnA
YCTPaHEHUA 3TON HeoNnpeaeneHHOCTN Bbifi YCTaHOBREHb! 3aBUCUMOCTW - ANA
BhiYMCNEHUA CKOpOCTeﬁ B BOAOHACHLIWEHHLIX TFPYHTAX NO M3IMEPEHHbLIM. 3HJ-
YEHUAM CKOPOCTer B MecHaHslx u rpy6oobnomounbix rpyHrax [53, 133]:
ANA NECYaHbIX HEBOAOHACHIWEHHaIX rpyHToB V,r=0,71 Vy,;p — 0,78, ann rpy-
BoobnomouHeix rpyHToe V,; =035V, — 1,03, rae V,;y v V,; — cropoctn
NPOAONAbHLIX BONH 8 BO3AYWHO-CYXNX W BOROHACHUUEHHLIX TFPYHTaXx COOT-
BETCTBEeHHQ. .

CeifcMumeckan ONAcHOCTL MEP3NbIX rPYHTOB 3aBUCUT OT TeMnepaTtypbl,
BAAXHOCTH (NLAWCTOCTH) ¥ cocTasa rpv .ToB. {puc. 4.4}. Ucnonb3aysa 3Tu na-
PaMeTphl M AaHHeie NO 3ANUCAM 3E€MNT) PACEHUHA ANA MEP3NbiX FPYHTOB pas3-
NUMHOW TeMAepaTypbl, paHee YCTAHOBUNM 3aBUCUMOCTb Buaa [49]

f={ o)+ 1WT). {4.9}

3nece /{pV) PaccUUThIBAETCA MO aKYCTUYECKUM KECTKOCTAM No dopmyne
C.B. Mengeneesa [110]. Npupawenne ceitcmuseckon GannbHOCTH, OBA3aM-
Hb1e TEMNepaTypbl N BNAXKHOCTW, OUEHUBAKITCA TIO Y PRBHEHWIO

/(WT} - 9—0,57‘(1 _80,17(W -»5))’ . (410)

rae 7 — TEMTEPATYPA MEP3NBIX FPYHTOB NG MOAYTI0 {OnpeaenAeTcA Ha (y-
BuHax 8—10 m); W — cpegHee 3HaveHue BNAXKHOCTH {noancTocTy) B BEpXHEM
BECATUMETPOBOM CNOE BEYHOMEP3NbIX FPYHTOR.

W3 ypasrenua (4.10) BUAHO, 4TO NPW ManbiX 3HAYEHUAX BRAXHOCTU 40 5%,
Npupalienne HanALHOCTY He 3aBMCUT OT TemnepaTypbl. NPy NOBLIWEHUU BRax-
HOCTU A/ yBenuuumaeTcA AC NOMHOTO HACbILEHUA rpyHTa BOAOM W AbAOM.
OHo uMeeT HauBonblwive aHaueHna npu Temnepatype 0 u 6nnako K Hyso Npu
TemnepaTtype Huxe —4°,

Y41Thigan, 4TO B eCTeCTBEHHLIX YCNOBWAX BEYHOMEP3Nble rPYHThI B Gonb-
WAHHCTRE cny4aeB CUEMEHTHMPOBAEHBI NBAOM W WX BNAKHOCTL (NBAWCTOCTb)
6nu3ka unn npesbilyaeT UX NOMHYK BNAaroeMKOCTb, PacyeT npupauleHuid 6annb-
HOCTU gna takux FPYHTOR MOXXHO NPOBOAUTH No hopmyne

= 20— 05T
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P uc 4.7 33BUCUMOCTb OTHOLIEHWA YAENbHEIX 3INEKTPUYECKUX COMNPOTUBNEHWA Dy, /op

MEp3MkiX U TaNbIX FPYHTOR OT BAAXKHOCTU U TEMNEPaTypbl (@) v 3aBMCUMOCTE NPUPELIEHUIA
6anNbHOCTH ANA MEP3NbIX FPYNTOB OT ppy/01 (6)

PaccuuTandbie NO 3TOM hopmyne 3HaYEHUA [ galoT Apupawwernna BannbHOCTY
OTHOCUTENBHO CUBMEHTUPOBAHHLIX ALAOM MEP3MbiX TPYHTOB C Temnepary-
poit ~4°, KOTOpble NO CBOMM CeMCMWUYECKUM CBOWCTBAM MPUPaBHUBAKTCA K
CKanbMbIM FPYHTaM, T.e. NPUHUMAKOTCR B AaHHOM cfiyyae 3a 3TtanoH. Koaddu-
UMEHT & XapaKTepusyeT pPasznuMuuA B MPUPaweHax BannbHOCTU B 3aBUCUMOC-
TU OT TeMNepaTypbl N aKYCTUMECKUX KECTKOCTeW ANA Mep3rbiX rPyHTOB Pas-
NUYHOrO cocTaBa: ANA KpynHooBnomMouHbix OH pased 0,6, AnR rpaBuiAHO-ra-
NeYHbIX FPYHTOB C necuaHbiM 3anonHuTeneMm — 0,9 v anA neckos, cyneceit
ucyrnvHkos — 1,2.

Ana cMNbHONBAUCTEIX TPYHTOB CNOWCTOM W ceTHaTon TeKcTypbl noboro
COCTaBa OUEHKY npupawledudt BannsHOCTM Heobxoaumo nposBoauts no thop-
myne {4.10).

Boiwe paccMOTpeHn! Npeaensi UIMEHEHUA U HEKOTOPLIE B3aWMOCBA3W MEX-
Ay usyvaembiMn napametpamv (A;/A,, p, V,, Vi, V,/V)), Temneparypon u
BNAXKHOCTBIG ANA CPYHTOS PazAnYHOro cocToAHMA. [MonydyeHHbie faHHbie no-
3BONAKT HENOCPEACTBEHHO MEpelTh K aHanvM3y CBA3eW YAENBHOrO 3neKTpu-
YECKOro COMPOTUBNEHWA £ C CEeACMUYECKOW OMacHOCTbI0 Mep3fbix FPYHTOB.’
Bonee noapoGHO 3TOT BONPOC PACCMOTPEH B pa3a. 4.5.

W3RecTHO, 4TO p, TaK e Kak ¥ OTHOLIEHWE MAKCUMAanbHLIX aMNAKTYA U CKO-
POCTH CEMCMUYECKUX BOMH, 3aBUCUT OT COCTaBa W COCTOAHUA FPyHTa, npaega,
N0 CPaBHERUI C NEPBLIM NapamMeTPoOM 3Ta 3aBUCMMOCTL 06paTHaa {cMm. puc. 4.4).
CnepoBsatenbHo, MO Helh MOXKHO OLEHWUBATL W3MEHEHUE CeNCMUMECKUX CBOWCTB
(npu uamedeHun T n W). [nA pelseHnA 3Toit 3agauu vcnonb3yeTcA He camo
yAenbHOe 3NEKTPUYECKOE CONPOTUB/EHME rPYHTa, 28 OTHOLIEHWE YAenbHOro
3NEKTPUUECKOro CONPOTUMBAEHUA MEP3NOro rpyHTa K yaensHOMY 3nexkTpu4e-
CKOMY CONPOTWBNEHWUID TaNOrQ fPYHTa TaKOFQ >Ke COCTaBa W BAAXHOCTH. Bbi-
Gop napamerpa p,,/p; oBYCNOBNEH Tem, YTO OH yMeHbLaeT ponb (hakTopos,
HE CBA3aHHbIX C NPOABNEHUEM 3JEMMETPACEHMI Ha NOBepxHOCTWU. B 4acTHOCTH,
3TO OTHOCUTCA K MMHHEpanu3auuu FPyHTOBLIX BOA, KOTOPAR YMeHslaeT conpo-
TUBMEHWE FPYHTOB B TanoM M MeP3INOM COCTOAHMU. HyKHO OTMeruTb, YTO
yfenoHoe 3neKTpuMeckoe CONPOTUBNEHWE Tanbix FPyHTOB oueHwsaetcAa nubo
no nepsoi Beten kpueow BI3, NUG0 NC 3HaYLHWIO O TanBIX TPYHTOB, NOACTM-
NaKoLLKUX CAON Mep3NnoThI.

M3yvar B NabopaTopHbIX YCNOBUAX 3aBUCUMOCTL NapameTpa P, /o, OT TeM:
nepaTypbl ¥ BAAKHOCTA NECKOB, YAANOCh YCTAHOBWUTL, YTO NPW ManbiX 3Have-
HURX BASKHOCTU OTHOLENUE D\, /p, BNM3Ko K eauHuue. C yBenudeHuem Brasx-
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Hoct A0 14-17% OTHOWeHWE CONPOTUBNEHWI 6GbICTPO Bo3pactaeT, U nNpu
3HAUEHUAX BNAXKHOCTH, DMM3KNX K ROAHOMY HaCLILLEHUH TPYHTa BOAOW, POCT
ero 3ameansetch. BaxweiM 0GCTOATENLCTBOM ABARETCA TO, YTO ANA KaXAOTO
3HAYeHMA BNAXHOCTWH OTHOWEHWE YAEMNbHbIX COMPOTUBNEHWA € MOHWUXEHUEM
TemnepaTypel yBennumnsaetca (puc. 4.7).

ConOCTaBNAA 3aBUCUMOCTb P /Dy = F(TW) ¢ paHee ycTaHOBreHHOW 3aBu-
cnmocteto A/ =F(TW) (cm. dopmyny (4.10}), HETPYAHO NpeanonoxuThb
CYUIECTBOBAHME CBA3BU MEXAY NPUPALLEHMAMM CceiicMUuecKoW BannbHOCTU U
OTHOWEHWEM YAENbHbLIX CONPOTUBAEHUA MeP3NOro M Tanoro rpyHTa. Tipose-
AeHHbIE 3KCNEePUMEHTARbHLIE MCCNEAOBAHUR CBUAETENLCTBYIOT, NTO 3TC npea-
nonoXxeHve nMeeT hrU3nNecKyio OCHORBY.

C y4YeTOM CKa3aHHOTQ Mbl NPeANPUHANM NONLITKY YCTAHOBUTE CBA3L OT-
HOLWEHVI YARALHbLIX 3MEKTPUYECKUX CONDOTUBNEHMA MEpP3MI0ro U Tanoro rpyx-
ToB C NPUPALLEHUAMU ceiAcMuseckon BannbHocTu, [lnA atoro Bbinn vcnons-
308aHbl AaHHbIE O CEWCMMYECKON ONacHOCTU Mep3nbiX TPYHTOB, NONYHYeHHbIX
MHCTPYMEHTaNbHLIMU  METO4aMN NPK  CEACMUYECKOM MWK POPatoHVpOBaHWUY
CTPOMTENbHLIX NNOWAAOK B paitoHax Mpubaitkansa n 3a6aiikanes (puc. 4.7, 6) .
[Mony4eHHY 0 3aBUCMMOCTL MOXHO Bbipa3uTb B BUae

Al =K 0,94®miPT=9)

370 ypaBHeHVE AEWCTBUTENBLHO NPU 3HAYEHUAX 0, /0 > 9. Koatduumenvy
K 33aBUCMT OT NBAUCTOCTH MEP3NOro rpyHTa. Mpu BRaXKHOCTU (NbaucrocTu),
6NU3KOI K NOMHOMY HackIteHo rpyHTa, K = 1,

AnA Toro 4ToBel HarNAQHO NPOCNEAUTL 3aBUCUMOCTD A/ OT Py /0, HE puc. 4.7
TPEYrOoNbHUKEMK BbIAENERbl TOYKW, ANA KOTOPLIX fpupalenve GannbHOCTM
oueHMBanoch Mo BONbWOMY KONUYECTBY 3anuceil semneTpaceHuit. B nepsoi
Touke npupawerve A/ npu oy /o, = 10 nonyYeHo BNA CNOA MEP3NbIX FPYHTOB
MoutHocTsio 90 M ¢ TemnepaTypoit —0,2°C. BTopas Touka p,,/p, = 24 xapak-
Tepu3yeT Mep3nble TPYHThI ¢ Temnepatypon —1 C. TpereA (o, /o =49) co-
0TBETCTBYET MeP3NbLIM FpyHTaM ¢ Temnepatypoll —3°C.

Takum o6pazom, NpuseaeHHble CBEAEGHUA NO3BOARIOT CAeNaTh BbIBOA, YTO
vccneayeMsie NapameTpel B 3HAYMTENbHOW CTeNeHW OMPeAenAloTCH COCTOAHW-
eM FPYHTOR. B CBA3M C 3TUM NPY CEACMUYECKOM MUK POPAailOHUPOBAHUU B Paif0-
HaX Pa3BUTUA MeP3NbIX rPYHTOR HEOOX0AUMO MPOBOAUTL OUEHKY CcelcMuve-
CKOW ONACHOCTK C YYETOM WX COCTORHUA.

4.5. UICNONbL3OBAHUE 3INEKTPOPAIBE AKWU
NPU CEACMUYMECKOM MHUKPOPANOHWUPOBAHUU

Boile Mbi NOKa3sanu, 4TO YAENLHO® 3NEKTPUYECKOE CONPOTUBNEHUE MOXET
BuiTh MCMONLIOBAHO ANA OUEHKWU CENCMUYECKON ORACHOCTU Mep3nbiX rPyH-
TOE [(cM. 4.4). TlpuyeMm 3aBYCUMOCTb MEXAY NPUPALLEHRUEM CEeHCMMYECKOR
6annbHOCTM U OTHOWEHUEM Py /pr 6bina NONyYeHa 3KCMEPUMEHTANLHO NPW
CECMUYECKOM MUK POPAOHUPOBAHKUM CTPOUTENbHEIX NAOWAAOK. B ceA3u c
3T¥M 66ino Bl NONE3HO paccMOTpeTs Gonee NOAPOGHO CBA3L HA3BAHHOMO Bhie
INEKTPOPA3IBEAOMHOrD MAPaMeTPa ¢ (PU3NYECKMM COCTORMWEM TpPYHTOB, MX
COCTABOM 1 CTENeHbI0 AE3UHTErpaund, a TaKke ero COOTHOWERME C ceicMuve-
CKUMM XB8PaKTepUCTUKaMKU MPYHTOB.

Hamu ¢ uensio v3yyeHR BO3IMOXHOCTEN 3NeKTPOPa3BeAKM ANA ceicmuve-
CKOr0 MUKPOPanOoHUPOBaHWA BbINM MPOBEAEHbI CNEUMantHble KOMMNEKCHbIE
UCCNEA0BaHUA B 3K CNEANUMOHHBIX Y NaBOPaTOPHLIX YCNOBUAX, XOTA yXe Gbinn
M3BECTHbI CRy4aW YCMeLHOro WCNOMb30BAHWA 3INeKTPOpa3seakun mpu noaobd-
Heix pabortax, Hanpumep, B r. Tawkente [118]. 3aece Gbino ycraHOBREHO,
4TO YYACTKKM M3 CUEMEHTUPOBAHHLIX faneynnkos, celcmuveckuit ahdeKT Ha
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KOTOPbIX NPCABUIICA B HE3IHAYMTENbHOW MEpPe, XOPOWO BLIASNAOTCA NO BLICO-
KUM 3neKTPUYeCKUM conpoTueneMmAam. C yMeHbLLUEHMEM MMOTHOCTY M yBenu-
YeHUeM OBBOAHEHHOCTU FPYHTOB UX YAENbHKLIE INEKTPUYECKUE CONPOTUBNEHWA
nNoruMKawTCA. B TO e BpemMA Ha TakKWxX FPYHTaX NOBbLILAGTCA BaNAbHOCTH.
BcneactBue 3T0ro 6Beinv AONYYEHLI 32BUCUMOCTU ANR KONUUECTBEHHONR OLeH-
KW CeWCMMUYECKOW ONacHOCTW MOAOOHLIX FPYHTOB B YCNOBUAX . TawKeWTa
N0 WX YOENbHBIM 3NEKTPUYECKUM CONPOTUBRAEHUAM. OAHAKO NPUMEpPOB fpu-
MEHEHMA 3TOTO MeToda B CrleundUYHbIX YCNOBUAX DPECcrnpOCTPAHEHWA BEYHO-
MEP3NbIX PYHTOB A0 HACTOALLEro BpemeHu He 6bino. YuuTbiBaA Hakonnew-
HbiA NONOXUTENbHRIA ONMLIT 3NeKTPOPa3BefO4HbIX PaBOT B YCNOBUAX BEYHOM
MEP3N10Tbl, KOTOPbIE NMPOBOAUAWUCL ANIA PEWeHuA pasnuuHsIx 3agad (2, 3, 21,
54, 197], v pesynbTathl nabopatopHeix vccnegosannin [7, 55, 183], Mot npo-
BENW aHANN3 UMEIOWIUXCA CBELEHWI U M3yUYeHne 3NeKTPUHECKNX CBOWCTE rpyH-
ToB (mep3anbix u Tansix) 3abankaneA u MNpubaitikansA (puc. 4.8).

Cratuctudeckan o6paboTka 6GOMbLWOrc KOMMYECTBa MaTepuanoB  PasHbiX
aBTOPOS, NONYYEHHbIX B OCHOBHOM METOAOM BePTHKANBHBIX 3NEKTPUYECKUX
soHAupoBaHuiA B33 ¢ yueToM umelownxca cBeaeHut 06 vHXeHepHO-reonoru:
YeCKOM CTPOEHMU Paspe3os, NPU HANUYMW MAW OTCYTCTBUM MEpP3NoTel NOKasa-
na {16], 4TO PpazHOTUNHBLIE MPYHTBI UMEIOT DPA3NIVYHOE YAENbHOE 3NeKTpuye
ckoe conpoTtuBneHue (puc. 4.8, 6—2). Bo BnaguHax Mpubankansr u 3abair-
KaneA Ce30HHO-Mep3nbie U BEYHOMEP3Nbie FPYHTHI MO 3NEeKTPOCONpPOTUBNE-
HUAM pe3Ko OTAMMAITCA OT Taneix. CpegHue 3HaYeHWA YAeNLHOTO 3neKTpu-
YeCKOro COMPOTUBNEHUA IPYHTOB COCTABAAIOT COTHU B OXHLIX PanoHax M
TBICAYN M 0eCATKM ThicAY OM Ha meTp — B cesepHuix (cm. Ta6n. 4.7). lNpwu-
YEeM TAKOEe Pa3znuuue MOXET CYLLECTBOBAThL M ANA OAHOTUNHLIX FPYHTOB, Ha-
NpUMeEDR TrPaBUAHO-FaneYHKoBbLIX: B MEP3NOM cocToAHuu B BepxHe-Myiickoi
snaavue p =5200 Om - M, a B Yapckoin — 27000 Om - m. OaHako ans CKaftk
HBIX FPYHTOB pasnuuve wesenuko: 5000 u 3600 Om - M cooTeeTcTBEHHO.

BnuAHMe Ha BenVMMHY YAENLHOTO 3NEKTPUYECKOrs CONPOTUBMEHUA Mep3-
NbIX FPYHTOR OKAa3LiBalOT CTENeHb AWUCNEPCHOCTH, BNAXKHOCTE {NLANCTOCTL),
TEMMepaTypa v MUWHEPanu3auMAa nopoBo¥ Bnaru. fiuTonoruueckunin cocrae
FPYHTOB UrpaeT MeHLLUYIO PONb. '

N3 npvBeaeHHbIX CBEABHWM BWAHO, YTO BEAWYUHA YAENBHOTO 3nNeKTpHYe-
CKOro CONPOTUBNEHVA AOBOMLHO XOPOLWO OTpaxaeT du3n4ecKoe COCTOAHWE
(mep3noe unu Tanoe) rpyHtoB (cMm. Tabn. 4.8), OT KOTOPOro CylecTBeHHO °
3aBUCAT WX CeACMuUYecKMe CBOWCTBA, OCOBEHHO Y BEWHOMEP3NLIX [PYHTOSB.
B8.M. ConoHenko nocnegrne NO CENCMMYECKUM CBONCTBAM pasaenvn Ha Taep-
AOMEDP3NkIE, MAACTAYHO-MEP3NLIE U NCEBAOTANBIE W ChINyYeMep3nble.

[uanazoH U3IMeHeHNI yAaenbHbLIX ANEeKTPUYECKUX CONPOTUBNEHUW B 3dBU-
CUMOCTK OT TUNA U DUMYECKOrO COCTOARUA rpyHTa {cMm. Tabn. 4.8} nepexpbl-
BalOTCR Mexay coboil. OaHako B npeaenax OTHOCUTENbHO HeBOnbUIMX NAoLLa-
AeW, KakWmMyU ABARIOTCA Y4aCTKM CTPOUTENLCTBA, YAAETCA pPasrpaHuuusaTh
No 3NEKTPOCONPOTUBNEHUAM FPYHTBLI Pa3MYHOro fAWTONOMUYECKOTo CoCTasa
W (hnanyecKoro COCTOARRUA.

Takum o06pasoM, BUAHO, 4TO INEKTPOPI3BEAKE MOXET OniTh BKIKYEHD
B KOMMNEKC reodU3n4eCKMX METOAOB, NMPMEHAeMbIX NPU OUeHKe cercMu-
YeCKOW OMacHOCTU rPyHTOB. HeoBXoaMmo OTMeTuTe, 4TO yAensHOe 3neKTpu-
YecKoe CONPOTHMBNEHWE FPYHTOB B OCHOBHOM ONPEAENAETCA TeMu e ux na-
pameTpamMi, OT KOTOPbIX 38BUCHT # aMMNIUTYAHO-YaCTOTHLIN cocTae Koneba-
HWM MpU 38MNETPACEHNAX U B3PbiBaXx.

JKenepMuMonHbie aneKTpopaseefounsbie pabotel Metopom B33 nposoau-
MCL B pasnuuHbix panoHax [pubBarixansa w 3abaitkanen. Paccmortpum He-
KOTOPbie Pe3ynbTathi. Tak, Ha puc. 4.9, 2 OTHOCUTENbLHO BLICOKME 3HAYeHWR
Pr {KaXyuierocA yaenbHOTO 3NeKTPOCONPOTUENEHWR) HauanbHOW 1 cpegHen
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P c. 4.8.TvcTorpamMMel YaenbHbiX INEKTPUYECKNX CONPOTUBNBHUR FPYHTOB TyHKUKHCKOR
{1) u Bepxmeanrapckon (I} snaauH

2 — BEPXHAA 30Ha, NO NMEWKMCA AaHHBIM AnA pcelt Bnagubb; & — mMepanbie TpyHThy
{16 — mopeuHele, /6’ — Mecuansie, /6 ~ BanyHHo-raneuyHbie C NECUdHLIM W CYNECUIHBIM
38NONHUTENEM) ; 8 — BANYHHO-TBAGUAHLIE OTNONEBHUA, TANLIE, 2 — NecKW; @ — CcKansHele

rpyHTHI



Tabnwua 4.7
3HaYOHMA YAANBHLIX INBKTPIMECKKX CONPOTUBNEHWH 0 rPYHTOB
20 snagunax Mipubankansn u 3abaikansn

Bnaauua MNpeaens) namene- | CpeadectatucTu- | HanGonee Bepo-
HUR, OM - m YecKkoe, OM ' M ATHOe, OM - ™M
TyHKUHCKaR 150-2 500 950 650
Xunok-4uKoickan 150-5 000 700 500
Xono#i-PamaHockan 70—-11 500 600 550
BepxHeanrapckan 100-500 000 6500 4 500
Myiickan 600—650 000 17 Q00 2 000
YapckaR 620—200 000 10 000 12 000
n 6onee

4acTU KPUBOA OBYCNOBNEHLI TeM, 4TO BepXHUE FOPUICHTLI CROXEHL! NecKom
Manoi BNaXHOCTW, YPOBEHb rPYHTOBbIX BOA MO CKBAXKMHE OTMEYEH Ha ray-
6uHe 85 m. Temnepartypa FPYHTOB A0 ray6unel 75 m cocrasnret +1°C, a Hu-
e 85 m so3pacTaer ao +1,2°C.

Kpusaa 2 ornuuaetcA oT kpusoit 7. OHa nonyueHa Hap 10—12-MeTpoBoil
TOfUlEH TAROTO BOAOHACHILIEHHOrD MECKA, HWXKE KOTOPOTO 3aneraeT Bbico-
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Puc. 4.9 Kpusbie B33, NONYYEHHLIE B DIINUUHBIX KHIKEHENHO-TBONOIUHECKKX YCNOBUAX

@ — necku: | — Tanble, ypPOBeHs FPYHTOBLIX BOA Ha rnybuHe 35 m; 2 — Mep3nsie, Mow-

HOCcTL 55 m; 6, 7 ~ Ha Haceinn; 6, 2 — Ha Bepme; B, 3 — H3 ECTECTBERHHOM HEHAPYLIBHHOM

TpyHTe; 8, 1 — Ha NNOLLAAKE CO CHATLIM NOBEPXHOCTHO-PACTUTENALHLIM CNOEM; 8, 2 — Ha

ECTECTREHHOM HEHAPYLIEHHOM TpYHTE, 8, 3 — Ha HECHLINW; 2, 7, 2 — B Kapvepe Ha CKanbHbIX
rpyHvax
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Tabnuua 48

38BKCHMOCTD YAGALHBIX NOKTPUIOCKUX CONpoTHBRBHKiA {OM * M)
OT TMNOR rPYHTOB W HX (PUINYECKOTO COCTORHKA |

Tun rpynroe*

Tanwie ecvecr-
BEHHOM Bnanc:-
HOCTH

Tanste cyxue
# Cbinyuemepa-
abie

O6Bognemmbie

Ckanuhsle:

NNOTHbIE 5 000—10 000 > 10 000 -
TPeUHOBaTbIe 180—5 600 > 10 000 50-600
MonyckaneHbie 150800 - 10~300
KpynHooBnomounste {ieGenuctbie 100-2 700 > 100 000 80-500
¥ ranewHO-rpaBuiiHbIe) )
Pecyanuie 80-600 > 40 000 40-200
I'nunucreie 60--400 - 30-80
HaceInHbIE M NOYBEHHO-PACTUT &b~ 80800 > 10000 20-200

Hble

*KnaccudmKayua rpyHTOB NPOBEAEHa MO TUNAM, HA KOTOPbIE OGLINHO Pa3aenaoY FPYHTbI
NPK MHXEH EDHO-CERCMONOFUHECKYEX UCCHER0BAHNAX.

Tab6nuua 4.8 {okoHvaHue)

Mepanbie
" TBepaoMepsnpie
Twun rpyntoe* Mnactuuno- 3
Mepansie BICOKO-
Manonbancreie nuaucTbie
CKanbHbIg:
NNOTHbIE - - ~
TpewmnHoBaTbIe - 2 000—56 000 2 500~40 000
NonyckaneHele - 200-3 000 3 000-20 000
Kpy Moo 6nomMouHble (ebenncrore - 800—10 000 5 000-200 000
¥ raneyHo-r paBUHbIE)
NecyaHobie 4001 000 1 000—6 000 6 g00-50 000
FAMHUCTbIe 600-800 800-3 000 3000-26 000
HaCbiNHbie U NONBEHHO-PACTUT &N b- 200--1 000 1 000—3 000 3 000-20 000
Hble W Gonee

KOOMHbI ropusoHT (okono 10000 Om - m), cooTBeTCTRYHOULUI BeyHOMEP3-
NbIM MECKaM MOLLHOCTbIO go 55. Y13 aToro npumepa BMAHO, 4TO Ng 3NeKTPo-
Pa3BEACYHBIM AAHHLIM MOXHO CYAWTb O reonoruYecKOn u Mep3noThoi obcra-
HOBKE B TOMWE FPYHTOB.

MNpumepbt xpusbix B33, nonyyeHHbie B CceBepHbIX paitoHax BocTouHOM
Cubupn, noxasambl Ha puc. 4.9, 6, 6. Ha 0AHOM yYacTKe NOAYHAIOTCA CyLUECT- .
BEMHO Pa3nuuxbie pe3ynsTaTthl. HapyWeHUA nOoBepXHOCTHOrO CHOA cTpoMTenb-
Hbix paBoT B YCNOBWAX pPacnpOCTPAHEHWA BEYHOMEP3NhIX FPYHTOR nPUBOAAT
K TOMY, Y4TO PE3KO W3IMEHAIOTCA HV3UKO-MEXAHWUYECKWE CBOWCTBA TRYHTOB. ATY
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M3MEHEHUA HAXOAAT CBOE OTpaXkeHue ¥ B xapaxTepe Kpusbix BA3. Mpuuem name-
HEHWR CeICMUYECKUX CBOWCTB MPYHTOB B CTOPOHY MX YXYAWEHWA OTMeYaroT-
CAR Ha KpuBbix B33 B Buae MUHUMYMOB (NOHWXKEHUA YAEN6HOrO 3NeKYpuve-
CKOro CONPOTUBMEHUA) .

BaxHbim PN UHKEHEPHE-CENCMONOMMYECKUX  UCCIEAOBAHUAX ABNAGTCA
u3ydeHWe CeHCMUYECKUX CBOMCTB CKaNbHbIX TPYHTOB, KOTOPble 8 YCNOBUAX
QHCHDOCTDaHEHMﬁ Be‘(HOMEp3J’IbIX rpyl-rroa Y3CTO MUCNONR3YKTCAR B KavecTee
3TanoHHbiX. CelCMuueCKUe CBOWCTB3 CKajlbHbiX NOPOA Y4acTKa MccneqoBa-
HUIA OMPEeAENAIOTCA CTEMEHBLIO UX COXPAHHOCTYU TPELLMHOBATOCTLIO, BNAXHOCTLIO
{nbauCTOCTRIO} W APYrUMK napameTpamu, OT KOTOPbIX 3aBUCUT ¥ 3NMeKTpu-
veckoe conpoTvenexve (cm. puc. 4.9, 2). ANA Tankix M OTHOCUTRNLHO MOHO-
JINTHLIX CKanbHbIX FPYHTOB yAeflbHOE 3NeKTPu4eckoe COonpoTUBeHWEe OObl4-
HO cocTaenreT 5000 OM-M 1 Bbiwe B 33BUCMMOCTM OT COCTaBa, BO3pacTa
¥ T.A., @ ANAR TPEWWHOBaTLIX B 3aBUCMMOCTW OT 3anONHUTENA 1 ero yAensHo-
O 3INEKTPUYECKOro conpotusnenun konebnerca ot 200 po 5000-7000 Om - m
W 3HAYUTENBHO BbilUe ¥ BO3AYLLIHO-CYXUX U MEP3MiblX TPYHTOB.

Takum obpasom, anexkTpopasseaky Metoaom B33 MoxHO npumeHRTe ¢
AnA 8bifopa 3TanoHa, NpUYeM C UENLID BLIABNEHUA OAHOPOLHOCTU Maccuea
CKaneHbIX FPYHTOB HeOOXOAUMO MPOBOAVTL KPECTOBbLIE U KPYFOBbIe 3feKTPO-
30HAMPOBaHNA.

B yCROBWAX pacnpOCTPaHEHUA BEYHOMEPZMbIX TPYHTOR, ocobeHHO npepsi-
BUCTOTO XapaKTepa M OTHOCWUTENbHO BLICOKUX TemflepaTyp BEeYHOW Mep3noTbl
npu TNyBOKWX Ce30HHbLIX Npoueccax NPOMEP3aHUA W OTTauBaHWA, CTAHOBUT-
CA BaXHbIM W3yueHUe NPEAenoB WU3MeHEHUN (DUINKO-MeXaHUYECKUX CBOWCTR
rPYHTOR, TNYGUHHOCTM MPOABMEHMA MPOUECCOB M UX O6LLEN HanpagneHHoCTy.
C ato# yenbro Gbinu npoBeaeHbl NApameTpuyeckue HabnwaeHA BOBNU3M CKB3-
MuH, YTOBbLI OblN W3BECTEH rEONOTMYECKMW pa3pe3. JTO NO3BONIUAO HaM yCTa-
HOBUTb B3aMMOCBA3L MEXAY Pa3NMyHbIMU reodU3uYecKUMK napameTpamMu:
YAenbHbIMKU  3NeKTPUYECKUMU  CONPOTHMBNEHUAMU, CKOPOCTAMK PACNpPOCTpa-
HEHWA celCMUUeCKX KonebaHui U TeMnepaTypor rpyHTOB.

Mpu wusydsesnu mMep3nbiX NOPOA, B OCOBEHHOCTU CHOA [OR0BbLIX HM3MeHe-
HUW TemnepaTyp, HeoGX0AMMOIt ABMAGTCA reOTEPMUA CKBAXUH WU 3INEKTPU-
YECKMI KapOTaXK WK 31ieKTPOPa3seaKa ¢ MOBEPXHOCTH.

BrnioueHne 3NeKTPOPasBeAKUW B KOMMNEKC reoTepmMuveckux HabnroaeHnn
OGVCHOBJ'IEHO elne v TeM, HTO NO CKauyKy YAOeNbHOTO 3INeKTPUYECKOro Conpo-
TUBREHVA MOXHO ¢ BoNblued AOCTOBEPHOCTLID CYAWTL O Hayane NPOMEP3aHuA,
nMbo OTTauBaHUA TPYHTE, YEM MO ero Temneparype. ﬂ,eucrameano, U3mMepeH-
HAR B CKBAXWHe Temnepatypa (Hanpumep, —0,2° u paxe —1°C} ewe He o3ma-
yaeT, YTO FPYHT HaxoauTCcA B MEpP3NoM cOCTOAHWK. 3TO KacaeTCA u FPYHTOB CO
3HaYUTENbHOW MUHEepPanM3auMen BoAbl, NOBbILEHVE KOTOPOW BEAET K MNOHMXKe-
HUKO TeMnepaTypbl 3ameps3aHMA rpyHTa. [lpoueccs npomepsaHWA—-OTTaNBa-
HAR, OCOGEHHO BO BNArOHACbIWEHHbIX TOHKO3EPHUCThIX PbIXILIX TPYHTaX,
ONPeaenAIoT NPOLECC NMy4YeHMA W Npocaaok B Hux. O Hauane W pasmepax aTux
ﬂBﬂeHMﬁ MOXXHO TaKXe CYAUTh No senuvyHe CKavka p.

Pe3ynbtaTel u3MepeHuit metogom BI3 86nm3n ckBaxuHbl B TyYHKUHCKOW
gnagvHe NOKa3anu, 4YTO MEHAIOTCA He TOMbKO 3HAYEHUR KaXYWUWUXCA ygerb-
HbiX 3NEKTPUYECKUX COMPOTUBREHUHA, HO U TUNBI KPUBLIX: “‘AeTHuA” tun K
nepexoawT 8 “sumuuin’’ QMK (puc. 4.10}, p,. B Bepxueil 3oHe paspesa ua-
MeHAnock oT 80 ao 140 OM - M B 3aBUCUMOCTH OT KANMATUMECKUX YCHOBMiA.
M3-33 ManocHexXHsIX 3vM, XapaKTepHbIX ANA 3TOr0 palioHa, MPOMCXOAMAO
CUNBHOE NPOMEP3aHUE BePXHER 30Hbl. 3HAYMTENbHAA YBNAXHEHHOCTL MPYH-
Tog ofecnewnBana Npu WX 3aMep3aHUM BbICOKWE yAefbHbIE 3NEKTPUUECKUE
CONPOTUBNEHUA, KOTOpPble AocTUrann K espano~mapty 40000 OM-m u
Beiwe. Tun kpuson BO3 craHosuncA emaa QK yxxe ¢ cepeanHbl HOABPA (Kpu-
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Puc. 4.10. Kpuseie B33, monyyeHHbie Npy NeprOAUYECKIUX M3MEPEHURX BENU3H CKBAXM-
Hol 8 TYHKMHCKOW BNaanKe

BaA B33 Ha puc. 4.10, nonyvesHan 20 HoAGpa). C Hauana anpenAa HaumHanocoL
OTTauBaHWE BepXHEeW YacTU TPYHTOB C NOBEPXHOCTW, YTO U OTMEYaeTCA Ha BK-
e KPWBbLIX M 3HAYEHWAX D,. B KOHUE anpenA—mae NPOUCXOAMT NPOTauBaHue
CNoA 3UMHEro APOMEP3aHMA N Kpusble BA3 KoHLa MaR—UIOHA — Havana WIoNA
NPaKkTU4ECKN UAEHTHYHLI. Hebonblwioe M3MeHeHne o, B CPeaHei 4acTu Kpusow
oTmenaeTcA y kpuebix B33 kownua uwonA — aarycta — okTtAbpA. 310, BUanMO,
CBR3aHO C TeM, YTO € NPOTauBaHUEM BEPXHEro CNOA B HEM HaKaniuBagTCA
3HAYUTENBHOE KONUUECTBO BNAry, 4TO CHWXKAET B 3TOW 4acTu paispe3a yhenb-
HOe 3JNEeKTPUYECKDe CONpoTURIeHe TPyHTOB. KOHeyHaa 4acTb KpUBOW O
NPaK TUYECK YN HE MEHAET CBOEr0 NONIOKEHNA B TEYEHWE BCEFD roaa.

MpaHuua Hynesbix KonebaHuw TemnepaTyp BONU3KM CKBakKuHbl 3aneraer
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Puc 4.11. KpuBbie uaMeHeHWA TeMnepaTypbl MPYHTa NO MECALAM W 3aBMCUMOCTN CKOPOC-
TeW PacnpocTPaHeHnA NPOACITbHLIX BOMH M YAENLHOIO 3NEKTPUMECKOTO CONPOTHBASHUA OT
TeMnepatyps! 8 Bepxuem 10-MeTPOROM crioe 8 TYHKUHCKOR BrapuHe
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P nec 4.12. 33BUCUMOCTD YAENBHOTO 31EKTOMYECKOIO CONPOTUSNEHUA OF TemnepaTypsl
N BNAaXHOCTH, N0 NaGOPATOPHBLIM AaHHBIM
4 — NeCKN MEBNKO3epHMCTuIe (NMYHKTUPHAA NMHUA) W KPYMHO3epHUCThie (CNnowHaA};
6 — rovHbl yepHme (CNNOWHaA) M KpacHble {NyHKTUpHaRA)}

Ha rny6une okono 10 m (puc. 4.11), ocHOBHOE e U3MeHeHWEe TemnepaTyp
NPOUCXOAUT B BEPXHEM COE MOWHOCTLI0 40 3 M. NonHoe npomep3aHue 3To-
ro cnoA, yctaHosnenhoe no B33 u reoTepmuueckm M3mepeHuAam, 3aKaHuu-
BAETCA K KOHLY 3MMbl — B pespane, a MONHOE €r0 OTTauBaHWe MPoUCXoauT
B ceHTADBpe, KOFAA yXe FOTOBUTCA HOBbIW UMKA MPOMOPAaXUBaHNA.

Habniogenna metogom BI3 nokasanu, 4to p, 4yBCTBATENbHO K CE30H-
HhIM KONeDaHUAM TemMnepaTypst v BNaHOCTHM rpyHTa. No BceM kpuasim B33
4eTKO OTGUBASMCE BEPXHAA W HWXKHAA MPEHULLI MEP3NOThl, @ TaKKe Tanbid
CNOWA CE30HHOID NPOMEPIAHWA MENOW MOUWHOCTU MEXAY ABYMA MEpP3nbIiMn,
KOraa C€NoA Ce30HHOro NPOMER33aHUA HauuHaeT 06pPaA30BLIBATLCA, HO ellle He
CIMACA CO CliJeM BEMHOW Mep3noThl. B peayrnetate Obino BLIRBAGHO, YT 3@
METHOE U3MEeHEHWE CKOPOCTEN PACNPOCTPAHEHUA CEUCMUUECKUX BONHU Dy B
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TeugHWe roja HabnOAAETCA TONLKO B CAOE CE30HHLIX KONebannit Temnepatyp,
HUYKE BrO 3TU NapameTpeb! NPAKTUYECKY NOCTOAHHbI.

[fo paHHLIM KOMMNEKCHbIX reousndecknx HabmopeHyl, BONN3N cKBaXW-
Wbl [OAYMEHbI 3aBUCMMOCTM YAENLHOFO 3NEKTPUYECKOFO COMPOTUBNEHNR B
crioe Ce30HHBIX KonebaHun TemrepaTypel WV, OT TemnepaTypbl Ha rny&une
1 m lcm. puc. 4.11). YpeneHoe 3neKTpmecv<oe CONPOTHUBAEHWE Pe3KO BO3-
pacTaeT B AvanasoHe Temnepatyp of 0 no —4°C. Bhe atoro ANaNa3oHa OHO W3-
MeHAeTCHA HesHauuTeneHo. B auanazone temnepatyp ot —0,2 ao —1 °c yaene-
Hoe 3NEKTPUYeCKoe COonpoTvBneMue yBenuuueaetch ot 120 po 2500 Om - m,
npuUYeM NPOCNeauTs 3aBUCMMOCTL YAEMBHOTO 2NeK TPUYECKOro CONPOTMBAEHUA
oT TemnepaTypbl 8 3TOM [AManalcHe ee U3MEHEHW HEBO3MOXHO fe3 yuera
cTeneHd BNaxHOCTU TpyHToB. B auanazowne o1 —1 po —4 °C 2aBMCMMOCTb yaenb-
ROro SHGKTDMHGCKOFO CeNpoTuBNeHNA oOT TeMﬂepaTyphl 6J1VI3K3 K IIMHGMHOM.
BenvuuHa YAENbHOrO 3INEeKTPUYECKOro CONPOTUBAEHMA 8 3TOM  AManasoHe
TEMNEPATY P BO3pAcTaeT Ha NopAAoK.

Onpegenedne CKOPOCTEH NPOAOMAbHLIX BONH V}D NpoBOAMNROCL MeTOA0M
KMMNB {koppenAunMA METOAOM NPENOMNEHHLIX BOfH) MO NepsbiM BbICTYMNE-
nuam, War mexay cedcmMmonpueMHuxkamu coctasnan 1 m. Cxopoctu \/p nony-
yeHbl OCPEAHEHVEM ANA BCEro REATEN6HOro €noA. Mo3TOMY MOXKHO rosopUTs
MWL 0 XapakTepe 3aBUCMMOCTW OF TEMNEPATYPLI HA rAyBuHe 1 m.

CKOpocTL NPOAOALHLIX BONH B Cfl0€ Ce30MHLIX KonebaHuii TemnepaTyp B
centABpe mocturaer 1500 M/c, a K deBpanto 3a CYeT NPOMEP3aHUA yBEAWYMN-
gaetcA ao 3500 m/c. MNpuuem B OceHHME M BECEHHUE MECAULI YBEfIMYEeHUEe CKO-
pOCTEN NPOACNbHLIX BONH MPOUCXOANT 38 CUeT NQBbILUEHWA BAAXKHOCTU.

Taxkum 0Bpa3oM, BbIABNEHO, 4TO 3aBMCUMOCTH YAENBHOrO 3MeKTPUYECKOro
CONPOTUBNEHUA ¥ CKOPOCTER V), 0T TeMMepaTypbl aHANOrU4Hb), T.e. 3NeKTPO-
W cercMopasBenoyHbie PaGoThl B3aMMHO AONOAHAKT APYFr Apyra W JaioT B
Komrnexkce Gonee O6BEKTUEBHYK WHGPOPMAuUWo O CTPOEHWW paspesa TONLWLK
FPYHTOB M X (HU31MUECKOM COCTORAHUM.

Y3BecTHO, 4TO fgeTansHoe u3lyyeHue (PU3NHECKUX CBOMCTB MPYHTOB TOMABKO
B MONEBbIX YCNOBUAX HEBO3MOXHO, TaK KakK AnA atoro TpebyeTcA 6GONbLLIONA
06BEM CMOXHbIX WCCAEAOBAHUIA B Pa3HbIX PaoHaX ¢ pasnUyHbIMU TPYHTOBbS
MK, MEP3NOTHLIMU Y KNUMATHYECKMMU YCNOBUAMU. 3Ta 3afava MoxeT OuiTb
PeLlleHa TONb KO KOMMNEKCOM NCNERLIX U naﬁoparopnux MCCH&AOB&HMVI.

Ha puc. 4.12 npvBeaeHbl AaHHble MO M3YHEHUIO TemNepaTypHOW 3aBuCH-
MOCTU yaenbHbIX 3INEKTPUYECKUX COMPOTUBAEHUIN MEpP3NbIX NECKOB W TMWH.
Kak CNeaoBanc oOXwuAaaTh, YAenbHoe INEKTPUYECKDE CONPOTUBAEHWE NECKOB
ANA OAHWMX WM TexX Ke OTpULaTensHbIX TEMMepaTyp Boluwe, Y4eM y rauvH. B 1O
Xe BPEeMA NpuU 0AHUX W Tex Xe Temneparypax yaenbHbie aneKTpudeckue co-
npoTmeneHnAa anamHsix neckos (W = 30%) Huxe, yem y bGonee cyxux. AnA
FMnH HaBnwRaeTcA TakaA ke 3aBUCHMOCTb OT BRAMHOCTA. JTo OOGbBACHRETCA,
BUAUMO, TEM, YTO B YKA3aHHOM WHTEPBane TeMnepaTtyp H0NbY pofk B 3NeKT-
POMPOBOAHOCTU MrpaeT PbIXNO- U MPOYHOCBA3aHHAA BOAd (BOaa B Buae TOH-
KUX nneHok}, KoTopoit 6onsLue BO BNaXHbIX MEP3NbIX FPYHTaxX.

Takum o6pazom, NabopaTOpPHbIMKU UCCASAOBAHWAMMU ANA Mep3MbiX rPyHTOB
YCTEHOBNEHA nNPAMaR 33aBUCUMOCTb YAEMbHLIX 3NEKTPUYECKUX CONpPoTUBAE-
HMA OT NOHWXKEHWUA TemnepaTypsl v sRaxHocTh {nbauctocTv) . Mpuuem npakx-
TUYecKy cyxue MOPO3Hble MECKM NPU OAVHAKOBLIX TeMMNepaTypax Mano pas-
NU4BKTCA MO YAGNLHOMY 31K TPUYECKOMY CONPOTUBNEHUIO.

OuerugHo, 4TO BCA PacCMOTPEHHAA COBOKYNHOCTh CBEACHMA O B3AUMOCBH-
3RX d)n:!M‘IeCKMK CBOﬁCTB FPYHTOB HapAagdy C AGHHbIMA ceﬁcMopassenKu, UHXe-
HEPHO-CENCMOTNIOrMUECKUMI 1N MHMKEHEPHDTECTIOFMYECKNMY  AaHHBIMY  [ONKHE
VCNOMb3OBATLCA ANA KOMINEKCHON OUEHKW CERCMUYECKOW ONAacHOCTU FPYH-
ToB. Haubofbiumin nHTEpeC npw 3tom ANS PELEHUA 33484 UHXEHePHO-CeMCMO-
6, 3ax, 1667 81
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P 1 c. 4.13. 3a81MCUMOCT OTHOLLEHMA MAaKCHMabHbIX AMINUTYA KONEAAHUA UCCAeAYEMOre
M CKAanNkHOro FPYHTOS NPU CEWCMUYECKOM BO3AEACTBUN OT OTHOLLEHWRA YABNBHOIO 3NeKTpH-
HECKOro CONPOTUBNEHUA CKANbHOIO M 3TANOHHOTO FRYHTOB (3) | 3aBNCMMOCTL NPUPBLIEHUR
CeNCMU4ECKOM BaNALHOCTU OT YACNLHOMO 3NEKTPUYECKOTO CONPOTUBNEHUA rpyHTa (6)

7 — B3 yYeTa HaCbINHBIX FPYHTOB U .2 — C Y4eTOM HACLINHBIX TPYHTOB

NOFUYECKMX WCCREAOBaHWA B YCNOBUAX PACAPOCTPAHEHUA BEYHOW Mep3noTbl
APEACTAaBNAET YCTAHOBNEHME BIAaUMOCBA3EW MEXAY 3NEKTPUMECKUMU U Cel-
CMUYECKUMIN CBOWCTBAMU MPYHTOB, KOTOpble B YCMOBUAX BEYHOW MEp3noTbl
ONPEAENAIOTCA WX BADKHOCTLIO (NbAUCTOCTHLIO), TeMnepaTypoW, COCTaBOM,
CTPOEHVEM U YCROBUAMW 33NEMaHUA B pa3pesde 1 No NNOoLWaan,

OcHOBHOWM 33paveit HalWMX WUCCREAOBaHWMIA ABWNOCH YCTAHOBMNEHWE BO3MOX-
HOCTWM OUEHOK NPUPELLEHWA CceicMMYeckoir GannbHOCTM B YCAOBUAX BEYHOM
MEp3foTLl MO 3NEKTPQAPAZBEAOYHLIM  GaHHLIM. DUINUECKOW NPEAROCHINKON,
ANA 3TOr0 ABRAETCA HaNWYne KOPPENAUMOHHBIX B3aWMOCBA3EN MEeXAy YyAelb-
HbIMU 3NEKTPUYECKUMU CONMPOTUBAEHUAMMKM M NapameTpamu, onpegenAron
MK CercMUYeCKUe cBolicTBa rpyHTOR {CcM. 4.4) .

8 wkavecTBe nocneaHero, KakK MPaBuUAO, (IPUHUMAETCA CKANbHBIA FPYHT,
C uenbld pPELIEHWR NOCTABNEHHOW Bbille 33ga4n HaMW BbiNO MpPOBEAEHO CO-
' MOCTaBrneHue CpeaHUX 3HaYEHUN OTHOLWIEHWIA MaxKCUMAanbHbLIX  aMPNUTYAR
A;/A, ©O 3HAYEHUAMU OTHOLUEHUA YAEMbHBIX 3NEKTPUYECKUX CONPOTURAE-
HWA po/p; (puc. 4.13,a) .

AnA npoeeaeHns conoctasnedma A/ un p 6bin BbIBPaH OAMH W3 YYaCTHU-
KoB Tpaccht BAM. 3aece B 0AHOM U TOM e MecTe Bbinn NPOBeAEHbI Cheyn-
antHble INEeKTPopassemoyHble paboTel MeToaoM B3I3 u uccneaoBaHue cedcmu-
YECKOW ONACHOCTU FPYHTOB 8 NYHKTaxX PErncTPaunMn B3PbIBOB aMANUTYAHO-
YaCYOTHLIM METOAOM W CNOCOBOM celcMMMecKUX kecTKocTeir {puc. 4.13, &
n4.14).

B cBA3M C TeM, 4TO oueHKa NpUpalLeHnA BanNbLHOGCTU CeNCMUYSCKUMI METO-
A3aMU NPOBOAUTCA NO CAOKO, KOTOPLIN N0 CBOEMY NONOKEHUID B Pa3pese 1 Mowi-
HOCTU COOTBETCTBYET BTOPOMY (MM TPETLEMY) Teo3neKTPUNECKOMY ropu-
30HTY, Al C€ONOCTaBNAGTCA C COOTBETCTBYIOWMM 3HaYeHHEM YaensHOro 3neKT-
PHYECKOro CONPOTUBNEHNA.
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P u c. A4.14. PeayneTaThl KOMNEKCHLIX CEMCMO- 1 3NeKTPOPa3BeaoUHbIX UCCNeA0BaNUn
ANA DUEHKU CEUCMUUYECKON ONACHOCTV FPYHTOB Ha y4acTKax, PAacnonQXKeHHbIX B CeBepHbIX
paitoHax Boctownoit Cubupn

! — CKOPOCTWU PacnpOCTPaHeMMA CERCMWYECKUX BORH, B M/C; 2 - yaenkHoe anexkTpm-
ueckoe conpoTuenenne, OM - M; 3 — NYHKTbl PACNONOKEHNA CERCMUYECKUX CTaHuMi (Ha
Pa3spes’e) ¥ BENMUMHE NPUPAWEHNA CEACMUYECKOR BanneHocTu (HMa rpadmke) ; 4 —~ Toukm
PACHONOXEHWA ANEKTPUUBCKMX 30HAMPOBaHWN (BAJ} v cooTBercTByowmMe BenuuuHbl NEU-
pawieHnit BanneHOCTH; 5 ~— NONBBHHO-PACTMTENsHLIM cnon; 6 — Topd; 7 — HackINHOH
rPYHT (rnbiBel co webHem u apecBoit) ; & — necok; 9 — necyaHo-rpaswitHb rpyHT; 10 —
rPABNHO-FaNEYHU KOBbLIA FPYHT C CYNECYAHBIM JanonHnyenem; 77 — FpaHrtouas! Tpeunne-
B8athie; /2 — BepXHAA rpaHUUa BEYHOMEP3NbIX FPYHTOR; 13 — rpyHTHl BOACHACKIUWEHHbIE

(N0 AaHHEIM By pEHUA)

OaHot 13 ocoBeHHDCTeN TeppuTopwuk, Ha KOTOPOW NpoBoauAiuct PaboTsl,
ABMNACH TO, Y4TO “4aCTk M3MEPEHWIA BLINOAHEHA Ha HACLIMHbIX FPYHTAX.

Ecnn He ywuTbIBaTh 3HAYEHWH YAENBHOFO 3NEKTPUYECKOro corpatusne-
HUA, M3 nNocnegHux HabnwgaeTcA TeCcHaR KOpPenAUuOHHaA cBA3b A/ # p
{puc. 4.13, 6). KoaduumeHr koppensumu R = —0,908. YpasHenue perpec-
cuu umeer Bua A/ =6,756—1,4021gp, oa; = 10,19, Mepa nwuHeliHoCTW
51/051=1,51 u kputepun [fl = 7,2 noaTsepykAaloT, 4TO 0OpAaTHAA KoppenAa-
UMOHHaa 3aBucumocTh Mexay A/ n lg p TecHas u 6AM3Ka K NUHENHON.

YYeT faHHLIX HA HaChINMbIX FPYHTaX CHukaeT KoxbhUuMent koppenauuu
A0 A = —-0,798. YpaeHeHne perpeccun MeHAeTCR COOTBETCTBYIOWMUM 06pasom
{cM. puc. 4.13, 6).

Onucannoe noxassiBaeT, YTC HACLINHEIE TPYHTLI NO CBOUM (BUINUECKUM
CBOMCTBAM pe3K0 OTNMMAEIOTCA OT BCEX APYrMx FPYHTOB Y4acTKa wvccrenosa-
HUIt. T1o-BMAVMMOMY, 3TO CBRA3EHO C TEM, MTO OHM ObINU OTCHINAHLI COBCEM He-
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[aBHO W B HUX ele He 00pasoBanoch K MOMEHTY HabmoAeHWHU yCTOWYMabix
CTPYKTYPHbIX CBA3ENM 1 XapakTepuUCTUK, OMpeaenfowiuX 3NeK TPUYECKUE CBOW-
cTBa rpyHToB. (QAHAKC W B 3TOM Cnyuae OLEHKA CEMCMMYECKOW ONacHOCTY
fO  CEACMONOIrVYECKUM K 3NEKTPOPa3BEAOYHEIM MaTepuanam AaeT Manopas-
NUYaLUACA pe3ynsTaT {cm. puc. 4.14) .

MpuseaenHble AanHble (cM. puc. 4.14} yka3biBawT Ha B33UMOCBA3bL 3NEKT-
PUMECKUX M CEUCMUYECKMX CBOUCTB FPYKTOB. 3TO B OTA@MbHLIX CAYYaAX NO3BO-
NAET NPOBOANTbL KONUYECTBEHHYID OUEHKY CEUCMMYBCKOM ONacHOCTU MPYHTOB
HEeNOCPeACTBEHHO NO Pe3ynbTataM 3fEKTPOPA3BEAOYHLIX U3MEPEeHWH. YunTbi-
BaA BbICOKYH 3KOHOMWUYHOCTs M BLICTPOTY NONYYEHUA 3neKTPopa3BefoYHbIx
AAHHBLIX NPU  OTHOCUTENBLHOW MEFrKOCTY 3NEKTPOPAa3BEADYHOW annapaTypel,
Mbl NPOBENM LOBONBHO fAeTanbHOE WCCHeAOBaHWe BO3MOXKHOCTEH UCNONL3O-
BaHWA 3TOTO0 METOAa MPU WHXKEHEPHO-CeACMONOMrMYeCKUX WKCCNefoBaHWAX Ha
Tpacce BAM.

B pesynbTate MOSYYEHO, MTO CYUIECTBYET HECKONBKO BO3MOXHBIX NyTen
MCNONb3OBAHWA 3NEKTPOpasBeAKWM Npu CEUCMUHYECKOM  MUKPOpParioHUpoBRa-
H1K. Bblgenum ABa OCHOBHbLX.

Bo-nepBbix, npoBeaeHWe 3neKTPORa3BeAO4HbIX PaBoOT MO rycToM ceTu npo-
dimnen ¢ MeNnKuM LLaroM Mexay UEeHTPaMu 30HAUPOBaHWIA (NnowaaHas cheM-
ka). Onv nposoasTcA Tak, 4Tobbl B MacwTabe BblLAaBAaeMOW KapTkl PaccToA-
Hue Mexay npodwnAmu (oBbiuHo napannenbHbiMu) cocrtaenAao 2—5 cm, a
MeXAy UEeHTPaMM 30HOWUPOBaHWHA - OT 1 (B CAOXKHLIX FeoKpPUONOrMYecKUx
ycnoeuAx) 0o 4 cM (B NPOCTLIX FEOKPUOAOMMYECKUX YCTOBUAX) .

PeayneTaTei 37Tux paboT B BMAE KapT W3DOM Ha Pal3NWUHbIX Pa3HoOcax Nn-
TaWKUX NIMHUA U reosneKTPUYECKUX pa3pe3oB MO3BOMNAKT NPOBECTU MUKPO-
PAAOHUPOBAHUE MO MOULHOCTAM ME03NEKTPUIECKWX FOPU3CHTOS U N0 UX yaeno:
HbIM ANEeKTPUYECKUM  CONPOTUBNEHUAM. Y‘-IGCTKM, Pe3KOo oTnnvakuiuecH no
3TUM MapameTpam ApPYr OT APyra, HAMeYalTCA ANA UCCReA0BaHWN aMnInTyYR-
HO-4aCTOTHLIM MeTO4aM WU No cnocoby CeMcMUYecKux mepTKoc:Teﬁ. MNony-
YEHHbLIW NHXXEHEPHO-CENCMONOMMYECKWA MaTepuan 3aTem KOPPENUPYETCA C reo-~
ANEKTPUYECKUMMK MapamerpaMu, U € yv4eTOM MEP3N0THO-MHXKEeHepHO-reonory-
YECKUX U TUAPOrEONOrNYecKUX YCAOBUIA PaioHa NOMy4YeHHble 3aBUCHMOCTH
IKCTPANONUPYIOTCA HA Y4acTKW, FAe NPOBOAWNUCL NULLBL 3NEKTPOPa3BeAOUHbIE
pa6oTsbl.

B naHHoM BapuaHTe anekTpopalsepouHbie paboTwi npegwectsyoT coberaeen-
HO WHXEHEPHO-CEHNCMONOMMYECKUM U CEACMOPAZBEAOYHLIM U MOTYT MPOBOANTL
CA B KOMMAEKCE WHXEHEPHO-U3bICKaTeNsCKNX pabor.

Bo-sTopbiX, Npu AeTaneHbiX HabawaeHWAX Ha Nnouwlagkax CTpoMTenbCTBa
Hanbonee OTBETCTBEHHLIX COOPYXEHWIA NMPOBOAAT OAHOBPEMEHHO 3INeKTpopas-
BeAKY W WHXEeHePHO-CeNCMONoruyecKkue UccneaosaHua. B atom cnyuae komn-
NeKcHo ByAyT pewaTeCA 3a0a4M OUBHKYK NPOYHOCTHLIX, CENCMUYECKUX U APY-
TUX UMK O-MEXBHYECKUX CBOWCTB TPYHTOB.

13BeCTHO, 4TO BEYHOMEP3NLIE FPYHTbl CNOCOGHbLI U3MEHATE cBOW hu3aunve-
CKUue, B TOM 4MCAE W CeMCMWYECKWE, CBOWCTBA B TeueHWEe FoAd. BO3MOMXHO
TAKXKE WX M3MEREHWe NO4 BO3AEMCTBMEM BO3BEAEHHbLIX 3AECh COOPYXKEHWNA.
Bcneacteue 3TOro ceicMUYECKaA QMACHOCTb YHAaCTKa MOXKET U3MEHATLCA Ha
2—3 6Ganna [171]. WccnemosaTh AMHAMUKY COA CE30HHOTO NPOMEP3aHWA
W OTTauBaHMA, a TaKXKe KOHTPONUPOBATh COCTOAHUE BEYHOW MEp3noTbl W rpa-
HUULI ee pacnpocTPaHeHUA AOBOMILHO ~€CNOXHO, €CNM NPOBOAUTL AONTOBpe-
MeHHble NnapameTpUdecKue 30HAMPoBaHnAa B33, "

floBTOpPAA U3MEHEeHUA napameTpos Feo3neKTPU4decKoro paspesa 2—3 pasa
B MecAl B TeueHue 2—3 NeT MOXXHO BbifABUTbL X3PAKTEP UX BPEMeHHbIX Bapua-
UMK, KOTOPLIE MOTYT ObiTh NPUHATHI B KaYeCTBE MOAENW ANA TIPOrHO3UPOBa-
HUA M3MeEHEHNI 3NEKTPUYECKUX CBOWCTB FPYHTOB NPpY NMEPexXchie uxX u3 Mepsno-
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0 COCTOAWWA B Tanoe v 06paTHO. JTW pesynbTaTht B NEPBOM NPUENIMKEHUH
MOKHO BydeT WUCronb3oBaTe ANA MPOrHO3a BOIMOXKHBIX U3MEHEHWU 3TUX na-
pEMETPOB (@ CrMenoBatentHo, U APYrUX C HAMM CBA3AHHLIX) NPU CTPOMTENb-
CTBE C COXPAHEHUEM UMK YHUYTOXKEHEM BEYHOI MEP3NOThI.

YunThiBaA CKAa3aHHOE, MOXHO CcAenath BLIBOA, UTO ANeKTpopasseaKa BMNOA-
ue MOWET BbiTh MCIONL30BAHA AR DEWEHMA 33434 CENCMUYECKOTO MUKPO-
paﬁorMpOBaHMH. ’

Fnasa b

NPOBEJEHUE CEACMUYECKOIr0o MWKPOPANOHUPOBAHUA
C NoMOolbH MUKPOCEACMUMECKUX KOSIEEAHWUA

5.1. ICNONL3OBAHWUE MUKPOCEMCMUYECKUX KONEBAHWA
ANA UENEW UHXEHEPHOW CERCMONOTUKN

Bolwe Bbinn paccMOTPEHBI pasnuuHble cNOcoGhl ONPEAENEHUA CENCMNYECKON
OMacHOCTH FPYHTOS, KOTOPLIMW 0BbiuHO MONbL3yKTCA Npu nposeaeswu CMP,
B HacToALWeN rnaBe pa3bupatdTCA BO3MOXKHOCTM MEeToaa mukpocercm (MC),
KOTOPbIN MOXET BbiTh MCNONL30BAH KAK AONONHUTENBHOE CPEACTBO NP OLEHKE
peaKUMU TPYHTOB Ha cencmuueckue Konebanua. [lo HACTOALLEro BPeMeHU 3ToT
mMeToA Bbin HEROCTATOYHO Pa3paBoTaH, U NQ3TOMY MCTGNL3OBAHUE MMKDOCEAC-
MuyecKux Konebanui 8 CMP He Hax0auno WMPOKoro npumeHesna. PaccMoTpnm
PEANbLHYIO MHPOPMaunio, KoTopyto HecyT MC o pe3oHaHCHbIX addeKTax rpyH-
TOB, a TAKXXe OCTaHOBMMCA Ha TeX CNyyanAx, KOorga oHa MoXeT 6bITe UCKaXKeHa
NOMEXaMU, BbI3BAHHLIMA WUCKYCCTBEHHBIMU U eCTECTBEHHBIMU UCTOMHUKAMMU
BnBpaymun.

A3BECTHO, YTO MUKPOCEHCMAMU Ha3bIBAIOT NepuoAnvecKkite konebaHWA 3em-
HOM MOBEPXHOCTU, KOTOPbIE MOCYT UMETb TaPMORUYECK YD MMt HENpaBUMbHYIO
dopmy. OBbI4HO paccmaTpuBaloT aga Avana3oHa vacTtoT: oT 1 ao 100w ot 1 o
0,1 Ty, 7.e. TaKk Ha3biBaeMbie BbICOKOMACTOTHLIE M HUIKOYACTOTHbie MC,
Actounnkamn Bo3byxaenna MC Moryy 661t BCe WYMbI, CBR3aHHLIE C AeATENb-
HOCTbIO Yenoseka: paboTa NPOMbIWNEHHBIX MexaHW3MOB, TPaHCNOPT U. Aaxe
warv nmopen. Kpome aemorpadmuyecknx wymos, mmetotca MC, sbizBaHHuie
MOPCKWUMM BONHAMU Ha aKBaTOPUAX, BLICTPLIMA PEKaMM, BOAOMAAaMH, reo-
TEDMaNbHBIMA  UCTOYHMKAMU U ADYFUMYA MPUPOAHBIMK  akTopamu  {203].
QaHako ecnu npomect usMeperna MC B “TUxon'' MECTHOCTU, HanpUmep B
nycTeine 06U, Ha cerepe AKYTUM, BAaM OT UCTOYHMKOB WYMa, TO Be3fie MOryT
BbiTe 0BHapykerbl koneBannA 3emHol NOBepxHOCTH. 3TV Konebanna Gbinu
Ha3dBaHol E.d. CapapeHCKMM CMOHTaHHbIMKM - MuKpocelicMamu. Beino caenako
npeanonoskedue, 4to 3toT tmn MC npeacrasnmAetr coBov BonHbt P, Nnapawowme
Ha OCHOBAaHMe HU3KOCKOPOCTHOMD NOBEPXHOCTHOro cnoA [213].

Teopetuyeckue pacyeThl ANA MHOTOCNOWHLIX MOAENEH BEPXHEN TOMMM
3EMHOWN KOPbI, @ TAKKE 3KCMEPUMEHTaNbHble 4aHHbIE FOBOPAT O TOM, YTO UmeeT-
CR CBA3Zb MEXAY WHTEHCUBHOCTHIO CEMCMUYECKMX Konebauwi, Gr3nvecKknm
COCTaBOM rpyHTOB M MUKpocelcmuueckvmu konebaunamn (211, 64} . 310 AB-
NeHne HarnRAHO GbiNO NPOAEBMOHCTPUPOBaHO B paBoTe J1. Kaua u P. Bennona
[212]. Ha vepputopun Bolotu, Hepaga (CLIA) B mecTHoCTM, cBOBOAHOM OT Ae-
Morpadmueckux noMex, Bbiny nonyyeHst cnextpel MC (puc. 5.1). B atux xe
TOUKax Bbinun 3anmcanbl CNEKTPb! KONRBAaHUM OT B3PbIBOB, 8 TAKXKE PACCYNTaHLI
KONeGaHMA AnNA TeOpPeTMYECKOW MOAENU, COOTBETCTBYIOWEN eCTeCTBEHHbIM
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P v c. 5.1. CrexTpbl KONe6anuii, NONYMEHHbIE Ha cnoe annoBWA (1-~3) u Ha CKanbHOM
rpyHTe {4) (212]
1 — Teopetnuecknit; 2 — cnexkTp BapeiBa; 3, 4 — MUKPOCEACM

P u c. 5.2. OaHOBPEMEHHOE ABNCTEBME UCTOYHUIKOB MUKPOCERCMUMECKUX KOneGanwi Ha
TouKY M

YCNOBUAM. OKESGHOCb, YTO MAKCHMMYyMbI BCEX CNEKTPOB COBMNafaroT, a MHTEeH-
cueHocTe MC Bonblie B TOYKe, PACMIONOMXEHHON Ha CNOE aNITOBUA, MO CPABHEHKKD
¢ MC, aapervcrpvpoBaHHbIMM Ha CKanbHOM rpyHTe. ABTOpbl NoKazanu naes-
TUYHOCTL Kosle6aHuin rpyHTa BbICOKO4ACTOTHbIX MC OT B3peIBOB M pacyeTHOM
TEOPETUYECKOW MOZEAN, YTO NO3BONWAO CAeNnaTk BbIBOA O BO3MOXHOCTUA ORpe-
AeneHnA TOMWMHLI BEPXHEro CNOA 3eMHOM NOBRPXHOCTU no cnexTpam MC.
ITOT 3IKENEPUMEHT f,aN BOIMOWHOCTb YBEPEHHO CYAUTL O TOM, YTO AeWCTBUTENL
HO 8 ""TMXOA' MECTHOCTW BhicokouacToTHbie MC HecyT undgopmaunto o ceidcmu-
YECKON peakumnn rPyHToB.

B8 npuBeaeHHOW Bblwe paboTte Bce CpagHeHuA OBbinu caenadsl anA cnabeix
Asuxennint rpyuta. ConoctaBnaA BuicokowacToTHblie MC v paspywmTensHbie
ABNEHMA Npu 3eMneTpacenuax, W.A. Epwoe [63] nokaszan, uto cnexktpe MC
W 3eMMEeTPACeHWA ANA GNM3KOW INWMUEHMTPaNbHOW 30HBE MMEKT coBnaaarowlne
MaKCcUMYMebi, T.e. BbicoKpo4acToTHble MC moryT 6biTe nNnokasaTenem npeobna-
falowmx nepuopoB konebaHuid nNpv BAM3kux 3emneTpAceHnAx. B pabore
WA, Epwosa n M.A. Namaunoir [64] 6uino nposeaeHo cratucTMueckoe o6-
CNEeAOBaHVE Pa3PYLUEHUIt OT 3EMMNETPACEHUA ¥ CONOCTABMEHME MX C BbICOKO-
YACTOTHLIMW MUKpocedcMamu. Bbifio BLIABAEHD, YTO WMEETCA 3aBUCUMOCTD
Mexay pasmepamy nNoBpexAeHWWn, CBOACTBaMW TPYHTOB, NEPUOAIMM U amnny-
Tyaamm mukpoceicm, Oanaxko ©. Yaeaaua n M. TpudyHak [228] He nonyunnu
COTNacosaHHOCTN MeXAy 3Tumu napametpamu. Ouun 3ametwim, yto MC umenu
IWWMPOKYK NONOCY YacToT, KOTOPAaA MOFa NPOMCX0AUTE OT MeCTHBIX AeMorpa-
usecknx WyMoB.

PaccmaTpnean CrneKTpb! HA3KOUACTOTHLIX MUKpoceicm, H. Cakaasupn [161]
npuwen K 3aKfIOYERNI0, YTO Pe30HaHCHbIW 3deKT CNoA 3eMHONU NOBERXHOCTH
TonumHoi 400 M cootsercteyeT nepuosam MC 2.5 ¢ 1, uto ucnonbzosanue
BbICOKOUACTOTHLIX MC 8 AaHHOE BPEMA HEAOCTATOUHO, TaK KAK B COBPEeMEHHOM
CTPOUTENLCTBE MOryT BbITh COOPYXEHUA ¢ cOBCTBEHHBIMKM Nepuojamu Koneba-
unid Gonee 1 c. B HexoTopbix cnyvasx npeoBnaparowwit nepnod KonebaHuin
npu 3emnetprceHnax MoxeT GbiTb Bonee 1 ¢, T.e. NORBNABTCA HEOBXOANMOCTD
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oLEHVBaTL PE30HaHCHbIA 3(hdexT MOLWrbIX cnoes 3emnol kopel. U. Ota, X. Ka-
ramv u Ap. [219] rawnu, yro RAMHHONEPHOAHBIE MUKpPOCEHCMB! 1—5 ¢ MoryT
b1 Th MCMONB30BaHLI B MHXeHepHOW cencMonorun. Onn Hatnoaanm Nk MUKPo-
TpeMopa, COOTBETCTBYIOWME ToRWMHe 0cagouHoro cnor 400—600 m B pabove
0.B. Naenosa v ap. [133] na ClonkBaHckom NPOrHOCTU4ECKOM NOAKUToHe Bbinu
janucaHht LUTOPMOBbIE MAKpoceiicMbl 1—2 ¢, pacnpocTpaHRolLMecA oT 03. baii-
kan. [pusem WHTEHCUBHOCTL KonebBaHuit Gbina 8 2—3 pasa BhlWe HA PbiXNbIX
fPYHTaX MO CPABHEHUIO CO CKaNbHbIMY,

Takum 06pazoM, HaBnwgaA HWIKOUACTOTHbIE U BbICOKOUACTOTHbIE MC, MOX-
WO 6b1N0 kbl BOCNPOMU3BECTY CNEKTPbLI NMPerMyWecTBeHHbIX KonebaHui pasnuy-
HbIX TORW, 3eMHOl:1 ﬂOBerHOCTM 7] npmmeumb 370 ANA OLEHKU UHTEHCUBHOCTH
NPOABNEHUA 3EMNETPACEHWA C INUUEHTPaMM, HAXOAAMMWCA  Ha pasnuuHbIX
PacCTOAHMAX OT AMOWARKYN MUKPOPAROHIPOBAHNA.

Pe3oHaHCHbI# OTKANMK BEDXHWX CNOEB 3EMHOW NOBEPXHOCTW Ha MUKPOCEenC-
Muueckine Konebanva Bbin w3secTed padee [77]. BoinonaHRNOCL cpasHeHue
cnexTpoB KonebaHnn, nNOAyYEeHHbIX ANA PAINUYHBLIX TOYEK TEPpUTOPUM, CO
cnexktpamu MC atanoHHoro rpyHrta. flono6Hsiit noaxoA He Bcerga Mar Aate
fipaBUnbHble  pe3yneTaTbl. [leicTBATENbHO, ntofible nNpoMsbiluneHHbie, nWMbo
TpaHCnopTHbIE noMexu, Bnm3ocTe BOAOEMOB, BETep W AOXAb MOrNX BbI3BATL
BbIHYX/EHHbIE KonefiaHMA NOYBLI U MCKAa3UTh PE3yNbTaTh! cpasHeHnA. QgHaKo
cuATanock, 4To 3Tk AedeKTbt MOryT BblTe YCTpaHeHbi C MOMOLILD BONLWOrO
YnCna u3MepeHit M Mx cTatucTrueckon obpaboTku.

PaccmoTtprim 8 0BLWLEM Buae, 4TO MOFYT NpeACTaBnATsL coboik KonebaHuA B
HeKOTOPOM TOHKE 3eMHON noBepXHOCTY M npu OBHOBPEMEHHOM AeWCTBUM
HECKOJMbKMUX WCTOYHUKOB MUKpocercMmuyecknx konebanmn (UMC) (puc. 5.2)
[8]. Kaxgsit M3 HuX reHepupyeT konebaHur, umeowme cnexTps §; {w),
Sy {w), ..., S, (W), pacnpocTpaHAOWMECA C 3aTyXaHUeMm &), Qa,..., O,, W pac-
XOXOEHUEM N HA PACCTORHWA Fy, I4,..., ', . B TOuke M cyuiecTByiOT ewe croH-
TaHHble Mukpocericmbl S {w). Cymma Bcex sBubpaumnn B8 Touke M Gyger

SM
paBHa
n :
Sylw) € 2 8, () ¥, (), {5.1)
rae S (W) = S;{w) -y e % = §p(w) ri " 3mecw r; "e” %" npunATo

paBHbIM r7 79, a CNEKTP CMIOHTaHHBIX MUKPOCeHicM B Touke M onpenenuTca Kak

Sqp (w0} = S, (w)«[ s (w)r;"o]M. (5.2)

i=.1

Hna cpasHenuna celicMuueckoit peakumn rpyHTa B8 Toukax ¥, O,..., L nHeobxoau-
MO BbIRENUTL CNEKTPb CAOHTaHHLIX MMKPOCEACM B Kaaol us Touek S, (w),
Sgo tw) s, S (@) v npueecTu wx Kk cnekTpy KonebaHuit B Touke, pacnono-
YKEHHOWN Ha 3TanOHHOM rpyHTe SSO {w). Ananorv4Ho Bbipaxennio (5.2) aanm-
LWEM ANA TOYKY Ha ITANOHHOM FpyHTE

k
Sgp () = S (@) —[j 51 Siw) 1} ”0] 0 (5.3}
CelicMuueckyto peakL1io rpyHTa MOXHO ONPEAeanTs Kak OTHOLUEHWE
J = Seur (cu)/.S‘So (w).
0603HawmB BTOpbIe sneHbl 8 (5.2} u (5.3) Yepes B,, v Bo, oueHum BennunHy
oumbku, kotopylo BHocAT UMC, pevicTBytoWme Ha Touky M O:

AL =8, () /8o (W) = Sg,, (W)/Sg (@),
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A - By, —Bo Sgu (w)/SS0 (i} .
By +SSO {w}

A 6yaeT MMHWMaNbHA B TOM CriyYae, ecnm BM =B, SSM (w)/SSO (w), nudo

npn OTCYTCTBYM NOMEX, KOTAa Bw = By = 0. Benuumna A/ 6yaer makcumans-

Ha, ecny PasHoOCTb B uacnuTene Bynet HanbBonbluel, T.e. oAHa U3 Touek Oyaer
""TUXOW’’, 38 APYram HaxoAUTCA B 30HE BAWAHUA Kaknx-nubBo eubpaTapos. 310
MOXET BHECTM CUCTEMATUYECKYID OWMBKY, KOTOpas He ByaeT 3asBuUceTh OT KO-
NNYECTBA U3MEPEHUNA.

Kak n3secTHo, uenb CMP cocTouT B co34annn KapT cecmiyeckon BannbHoc
™™ MacwTaba 1:5000, 1:10000 Ha nnoluagAx, NpeaHasHAYeRHbIX ANA CTPOUTEND-
cTBa. B ocHoBe pacuyeta GannbHOCTY nonoxeHbl sbipaxeHnAa C.B. Mepseaera
[110], HairneHtbie ¥M C ROMOLIBIO MUK pOCEMCMUNECKUX 06CcnesoBannin Bonbwo-
ro uicna semneTpaceHun. MNonyveHHbie 3aBUCMMOCTH Be3 namedeHnin 6binu npu-
MeHEeHbl K MUKpoceiAtMaM [77] U € UX NOMOWILID PaHEE BbIMOTHANMCE KapThi
CMP. Takoro poga MexaHn4ecKoe nepeHeceHue GopmMyn, NOAYYEHHbIX ANA CUMb-
. HbiX ABMXEHUN K MU KpoKoNneBaHnAMm, He 6bINO AOCTATOYHO NOAKPENNEHO am-
NUPUYECKU MU HABNICACHNAMMU.

B gansHenwem npu nposeaeHun CMP ¢ nomowsio MC Belniw nonyyeHsl apy-
rme BbIPAKEHUA ANA OLEHMKW NpupalleHna BanneHocT. Tak, Hanpumep, ana
NeTtponaBnoscka-Kamyatckoro Beino HaigeHo [66]

Al =21g A, /A,. {5.4)

MpM MUKPOPaNoOHMPOBAHUM alMMavHbix UeHTpoB Modronuu E.H. YepHbix
nonyun koatgpduuvent 1,6 B (5.4). MNH. Byraesckun [22] onpeaenun npu-
pawlenue OannbHOCTM ANA PasHbIX FPYHTOB, UCXOAR 43 CTATUCTUYECKNX OUEHOK
MU KPOCENCMNUECKU X KoneBaHui, 0AHAKO NpUMeEHeHWe ero opMynsl OrpaHu-
UYEHO 3HAYNTENbHLIM KONMUYECTBOM YCROBUWIA.

Hago oTMeTUTL, YTO cTpemMneHue npuypounTs o MC HenocpeacTBeHHO K
OUEHKE NpUpalleHnA BannbHocT A/ wMoXeT GbiTe TONLKO YacTHOU 3agaqent,
KOTOPYIO B KaKOW-TO CTeNeHW MOXKHO OTHECTU K KOHKPETHbIM YCNOBWAM AaH-
HOW MmecTHOCTW. Tax, Hanpumep, B paBovax [212, 213, 219, 200, 228] pewe-
Hye noaoOHOM 3ajawm He CTaBWMTCA. B OCHOBHOM aBTOPbLI PAaCCM3TPUBAIDT M.
CPABHMBAIOT TOMLKO CNEKTPLI MC, OTHECEHHbIe K CTPYKType BepxHMX cnoes
3eMHON NOBEPXHOCTH.

MpUHUMaR BO BHUMaHWe MW3NOKEHHOE Bbille, PEKOMEHAYETCA MPOBOANTL
CpaBHEHWE CMOHTAHHBIX MUKPOCEMCM B “TUXUX'' MecTHocTaX. Ecnm ke ecTts
NCTOUHUKYU BO3DYMAEHNA MUKPOCEICM, Hage WCKNNYUTE MX U3 PaCCMOTPEHWA
fio (5.2) n (5.3). [AnA aToro HeoBxoaMMO OUEHWUTH AEACTBUE KaKAOTrO UCTOY-
HMKa BUBpaUMiA Ha ABHHYI0 TOYKY 3E8MHON NOBEPXHOCTA., OKOHUYaTenbHbIN
pesynbTaT He 06A3aTentHO UMeTb 8 thopme npupauednwa GannbHocTn A/ gna
AaHHOro B8uaa rpyHTa. [loCTaTouHO AaTh Tabnuus! U3MEHeHUA UHTEHCUBHOCTU
konebaruit no cnexTpam {aMNAKUTYAHBIM, MOLLWHOCTU UNKM APYTUM) , TPUBOAA UX
K 3TaNOHHOMY TPYHTY.

Panee [77, 22] npuaasanock BaHGE 3HaYeHWe OGONMbLWOMY KOMMYECTBY
3anucen, BbINOMHEHHbIX B PAa3HOE BpeMA CYTOK W CE30HOB, C AanbHeiwen cva-
TUcTU4eckor o6paboTkon. TexHuWKa 3anuceit, paspaboTaHHaA AnA aBTomaTu-
yeCKoW CTaHuvu ""Pervon’’, ¢ nocneaylowmm pasnoXeHMeM KoneHaHnii ¢ no-
MOULbIO 4aCTOTHbIX (PUNLTPOB MO3BOAMNA YNPOCTATL MNPOUecC pas3feneHuA
UCTOUYRWKOB ¥ YMEHLWWUTE HE BCErAA HYXHYIO FPOMOSAKYHS CTaTUCTUYECKYIO
obpaboTKy.

B ‘kauectse npumepa ucnone3oBaHWA annapatypb: ‘Permod’’ MOXHO pac-
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P uc. 5.3. 0O6paborka 3anucelt MUKPOCEACM € NOMOWLIO cneKrpaanoi'o 8HANW3aTOpP3 HB
11 nonyokTagHbix hunetpax [135]

CMOTpETs aBTOMaTMyecKyio 3amuch MC, caenansywo B Teuwenue cytox [133].
Touka HabntogeHna Haxoawnace Ha pacctToAHu 800 M OT paboTalowmx Mexa-
HM3MOB. YacTOTHOE Pa3nOXEHME MWKPOCEACMUYECKMX KOonebahnit 6bin0 Bbi-
NONHEHO C NOMOLLBIO CNEKTPanbLHOro aHanuaatopa u 11 NONYoKTaBHbIX PUALT-
poB (punc. 5.3). NonyveHHble AaHHbIE YETKO DUKCUPYIOT Ha4ano pabouero AHA:
¢ 8 4 MecTHoro speMeHn MHTeHcuBHOCT MC B802pacTaeT. fpocnexxuBaeTcA BO3- -
pactanve 3thpheKTUBHOCTU PaboTel, 3aTHbe B 0GeAeHHblit NepepbiB, BKAKOYEHWE
4aCTU MEXaHU3IMOB W NONHOE BbIKNIOYEHWE UX B HowMoe BpeMA. Mo rpadmkam
YKAa3aHHOTO TMNa BbiNY NOCTPOEHbI CNeKTPhl KonebaHnii HOYHOro (CROHTaHHbIE
MC} w aneBHoro Bpemenu (puc. 5.4, a n 6) AnA' pa3nMyHBIX FPpyHTOB. BhiuvTa:
HUEM U3 NONHOrO cNeKTpa & CNeKTPa CMOHTaHHbIX MMKROCEHCM 3 GbiN NoNYYeH
CNeKTp Konebanwit pPaBoTalowmx MexaHM3MOB 8, KATOPLIA MOr Bbl MCKasWTe
pesynbTar seipaxeHna (5.4) . BbIn0 NONYYEHO, YTO AMAANTYALE MUKPOCEACMU-
YBCKUX KoneBaHuii Ha CKankHeIX FpyHTax MeHswe 8 10—15 pa3 aMnauTya Ha
cnabeix rpyHTax.

Onucanne meToaMKW HabnoAeHU « annapaTypst 6onee noapoBHO AaHo
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P v c. 5.4. AMNAUTYAHEE CeKTPbl MUKPOCERCMUHMECKUX KONeGaHwit, NONyYeHHbIE HE pas-
HbIX FpyHTaX

a8 — B HOYHOE BpemA; 6 — B AHEBHOE BPEMA NPy PaBOTAo KX MEXAHUHIMEX, 8 — CNEKT-

pbl paboTalwmMx MexaHusmoB; 7 1 3 — OGROAHEHHbIE FPABUUHO-TANENHUKOBLIE FRYHTLI]

4 u 5 — ckansHele TPYHTbI; 2 — AENKBUANbHLIE PABUAHO-TANEYHUKOBSIE OTNOXEHUA

f
t

g pa3a. 5.4. Tam ke npuBeaeH NpUMep UCNONbL3OBaHUAR CROHTaHHLIX MC npu
CMP aiimauHbiX UeHTpos MoHronmmw.

AnA onpegenenns peakuu rpyHTOB Ha CeriCMWyYecKue KonebaHnAa mbl npea-
NOXUAM UCTNIONL30BATL BbIHYXKAGHHbBIE NepUoAnUecKUe KonebaHnAa (BuGpauuvn),
KOTOPbiE €O34al0T WUCTOYHUKM BO3OY>XKAEHUA C M3BECTHOW 3aKOHOMEPHOCTHIO
M3MEHeHWA BO3MYLLAIOLIEA CUNbI, T.e. MUKpoBMOpaunn U3 ‘‘pazprpa’ nomex
6biny nepeseaeHbl B nonesHbin curqan {134, 135], B 31oM nnane, eCTECTBEHHO,
HaMNy4YWwuUM peliedneM 6oino 6o umets anA CMP subpaTtop ¢ pasavuHsIMK
4acToTaMy ANA UCCNEAOBaHW Pe3OHaHCHLIX KoneBannit CAOUCTON CTPYKTYPbI
3eMHOM NOBEPXHOCTU. )

Kaxk U3BECTHO, CNEeKTP BbIHYXAEHHbIX KONebaHuit, 3anMcaHHbIl B HEKOTOROR
TOUKE 3eMHOW nosepxHocTM S (w), Byaer 3aBUCETb OT BO3ZMYLLAOWIEH CWitbl
Q (w}, ot nepeaaoweit nnumn L (w, R) paccTOAHNA R, MECTHO! reonorvyecKon
cTpyKTyphl H{Ww} wn xapakTepucTMkyM peryucTpupyoweit annapatypel U{w):

S (W) = Q{w) Z{wR) H{wU {w).

Byaem HaszbiBaTh BUOPATOPOM UCKYCCTBEHHLIA UMW €CTECTBEHHLIR UCTOUHNK
8036y>aeHVA Konebanuii. CpaBHUBAA BbIMYXABHHLIE KonebannAa B Toukax M v
N ua pacctoAnnax R, RN ot aubipatopa, NOnywm

Sl LIRy @l Hiw),,
Stwly, LRy, wHHIwW),

{5.5)

Mpu 3T0M UMeeTCA B BUAY, 4T0 BMBPATOp 0AMH, 3@ YACTOTHLIE XAPaKTEPUCTUKN
npubopos U {w) uaeHtuduumposatst.

C NOMOLWbIO NOCNeaHen 3aBUCHMOCTU BbiK NONYYEHDbI CPABHUTENLHBIE OLEH-
KW KONeGaHWA EeRe3HOAOPOIKHLIX HAChINEeH, HAXOARWMXCA Ha DPa3NUYHbIX
rpyntax [134]. Ona 370/ uenu B KavecTse BubpaTopa 6bIN UCMONL30BAH ABU-
wywwiica tennoso3 TA3. Ero nonoxerne oTHocuTensHo npuGopos urkenpo-
8anock, 3amce Benace HenpepbisHo. CpasHWBanvcL cnekTpbl KonebBannit npo-
TAMXKEHHLIX Y4ACTKOB Hackine# anuHol 100 M. Pukeunposanuch NONOXEHUA Ten-
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p u c. 5.5.CpasHerve cnexTpos MMKD?BMGpauMﬁ we-
NE3HOACPORHBIX HATHINEA
CnexTphl 1, 2, 3 —~ nonydewbl AnR Hacl:mngﬁ c o6
BOAHEHHBLIM OCHOBAWWEM, CMEKTPbI 7,.2,3 — ann
cyxux yyactos [134]

so803a oTHOCUTENbHO NpuBopos. CnekTpsl 3, 3
Boiny NONYYeHbl B MOMeHT Hanbonbliero yaane-
wua, 8 2, 2°, 1, 1" — no mepe npubamxeHun Ten-
noeo3a K npuBopam (puc. 5.5) . MNpoBeaeHHbiN
aHann3 nossommn obrnapyxurte cnabole 0bBoa- /’ o A
HeHthev rPYHTbI non' He'KO'l'OprMM yudacTkamu -5 / ) ‘JI \OJ’
wacoinen {cnextpet 19, 27, 37, pu'c. ?.5) . B_ampa- 7 A
weHun (5.5) Bblnu B3ATHY Ry =AY, R = Az wm

1.48. OTHOWEHNE CREKTPANLHLIX NIOTHOCTEN MOMNOo BbiTh NOKasaTenem huavuec-
KUX CBOWCTS CUCTEMbI FPYHT—Haceine. OgHaxo Hago 6bino uMeTh B BMAY, 4TO
coxpawenue L (R, &) me Beerga BeIN0 AONYCTUMO, TaK KaK MYTH, N0 KOTOPGIM
pacnpocTpaHaloTcAa MC, Mornu 6biTe pasnuumkl. Tak, HaNPUMEP, NPU NPOXOXAE-
HU TENNOBO3a NO MOCTY YCUIMBanuch KonebannA Hackinen n Beperosbix onop.
Mo3tomMy CpPaBHWUBANUCL TOMLKO CNEKTPbl KOAEBAHUIA NMPOTAXEHHbIX YUYaCTKOB
Hachinen Npy ABMXKEHMU TENNOBO3a NG OAHOPOAHBIM Y4acTKaM.

B WHXeHepHOI CEeACMONOrMK BCErAa MOXHO BOCNONH30BATLCA BbICOKQYAC-
TOTHEIMK MC, nonyyeHHbBIMM OT MEXBHUYECKWX WCTOYHUKOB Konebawvii. [lnA
aToM Uenn MOXHO MCMONL3OBaTh CTPOVTENbLHLIE, TPAHCNOPTHLIE MALUKHLI, arpe-
ratsl FAC, T3U, TAxenbie Npecchl, MONOTLI 3aBOACKOro 0BopyAOBaHUA U APY-
rune MexaHusmb: [23, 41, a Tak)ke HU3KOUACTOTHbIE WTOPMOBEIE MAKPOCENCMBbI
[135, 161, 218]). OBnacTk NPUMEHMMOCTU 3TOro BUAAE KonebaHui, oxBaTbiBaK-
wux nepuogel ot 1—~10 ¢, MoxeT Bsith A0CTaTouHO Wrpokoi. OxkeaHckne MC,
BO3HMKAIOUME Ha AHEe OKEaHOB, PACNPOCTPAHAIOTCA Ha rNoGantHble PaccTOAHUA,
a ozepHbte MC — Ha COTHM KMNOMETPOB.

EctecTBEHHO, YTO MCnonNb30BaHWeE BbIHYXAEHHbIX Konebanuia noboro anana-
30Ha B MHXEHEPHOW Ccelcmonoruy TpebyeT 3HaHUA BCeX MapamMeTpoB W KOOpAU-
HaT BO3MYyLlualowen cunbl, Hamu 6bin NPeAN0XeH METOA UX OfPelleneHnA 1 Hain-
ABHbI ANMUUEHTPLI HEKOTOPLIX CUMBHBLIX WTOPMOBLIX MC [174—-176] .

06biuHO  pasmepel cTpouTenbHoi naowaakn CMP GeigaloT 3HawvTennHO
MeHble PacCTOAHWA AC MOPCKUX UNKU OKeaHnuecKux uctodHukos MC, noatomy

mpu cpaBHenmn MC ¢ ucnonbsosanuem (5.5) npunumator Rw = RN = R[ M T.A.

Ana 6nuzkoro nerounnka MC Boe cnextpbl KoneBaHui, NONYYeHHbIE B Pa3NNY-
HblX TouKax RabrioaeHnA, NPMBOAARTCA K OAHOMY PaCCTOAHMIO !

S (Q))MN =S (‘”)M (R‘M/RA,)REOI(R MR N),

{5.6)
S {w)LN =8 (w)[‘ (HL/RN)neC!(R L- RI\’),

rae S (w)MN,..., S(w)LN — CcNeKTpbl KonebaHuii, KOTOPbIe AOMKHLE Obif Obi
ObITe B TOukax M...., L, ecnn 6bl OHWM HAXOAWNMCL HE PACCTOAHVAX HN OT MC-
TouHuka MC. Ecnu anAa yao6cTea 3TaNOHHLIA rpyHT BelBpats B Touke N, S (w)N=
=§{w}q, Torpa
Ji=S{w),, /8 {wly, J2 = Slw), \/Slw), nTa. v (5.7)
B GonblmHcTae cnyvaes wropMosbie MC npeacTagnaoT co6oid MOHOXPOMA-

Tuyeckue KoneBaHuA, U B BbipaxkeHnAx (5.6} n (5.7} cnexypsl mMoryt 6oiTe
3aMeHeHbl aMNANTYAaMU KoneBaHniA.
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B 3ak/ioyeHne MOXHO OTMETUTL, YTO HECOMHEHHBIM MPERMYLLIECTBOM MUKPO-
CENCMUYECKOro MeToRa ABNAKTCA OUeHKW CENCMUYECKOW peakuun fpyHtog
H@ BBbIHY>KAGHHbLIE NepuoAUYecKUe KonebGaHvus, KOTOPbIE MOXHO BbINONHUTE %
8 Bonbwom ananazcHe wactor (100-0,1 [u) ¢ nepcnexkTWeo# ONpeaencHur

HEMNOCPEACTBEHHO MO MWUKPOCEACMAM, TONWMHL] [PYHTOB W MOLWHBIX Choem
3emMHON Kopbi. [lpuenekaer ApoctoTa METOAA W BFO COBMECTUMOCTE C APYTUMYU
cnocobamu CMP, Hanpumep No 3aNUCAM B3pLIBOB W 38MAeTPACEHUA.

K HepocTaTkam METOAa MOXHRO OTHECTH TPYAHOCTM, BOZHWUKAIOUIME NPU Bbi-
AEeneHny MONE3HOr0 CUrHana — CrOHTaHHBbIX MUKPOCENCM WNW BbIHYXAEHHbBIX
KoneBanuit onpeaeneHHOro TMNa — 3 UMeroLwer ocA 6enoro Wyma.

5.2, BUEPALKNU NNOTUHB! NOA AEACTBUEM ABUXYWENOCA TPAHCMOPTA

B KkauecTse npumepa UCMONb3OBAHWA BbIHYXAGHHBIX KONeBaHWM OT UcToN-
HUKOB BO36YMaeHUA MK UCKYCCTRBEHHOrO NPOUCXOXAEHWA PACCMOTPUM peax-

UWIO NIOTMH Ha BO3AEHCTBME PA3JIMYHOFO Bhaa TpaHcnopTa. seecTHo, uTo Kpyn- . 3

Hble NNOTUHLI WMEKT CNOXHOE CTPOEHVE, NOITOMY WX Pa3NIUYHLIE Y4aCTKW
No-pasHOMY pearnpyloT Ha cencMuueckoe BosaencTeue. [lNA oueHKM aguHamu-
HECKOW YCTOWYMBOCTM OTAENbHLIX YaCTEN NMNOTUHL! OGLIYHO NCNONLIYHT PE3YNb-
TaTbl MHCTPYMEHTaNbHbIX HabnoaeHwhd KonebaHuit 3TMX YacTel Npu NPOXOXKAe-
HWW YEPE3 HWUX BOMH 3eMneTpaceHui v s3peisos {103, 105]. Moxer HbiTs npo-
BeAeHa MOAODOHAA OLEKKa WM Ha OCHOBE W3ydeHWA KpaTkonepvogHbix MC or
paboTarowmx ruapoarperatos [62]. Mol e nonsiTanuce necneaosats snbpaunm,
BO3HUKaAKOLWME OT aBTOMODMNBLHOIO TpaHChopTa, NPOXOAAWEro No NAOTUHe
HaNpPAMKEHHOCTLID HECKONbKO KuaomeTpor. 3aanve 3C © MallUHHLIM 3anoM
M BCEMM MEXAHW3IMaMU 3aKMIOMEHO MeXAY nesobepexxHol U npasobepexHon
3eMNAHbIMU nnoTtuHamn. [MocneanaAa (Bonee ANWHHAA) YCNOBHO AENWTCA Ha
OCTPOBHYIO, PYCNOBYH W npasobepexuylo sactu. HaGriwaeHus, nposoaumeie
3@ 0CaAKoM Aapa NpaBobepeXHOoW 3eMNAHOW MNOTUHBLI, NOKa3anu, uTo Bonswan
CKOPOCTL OCaaKK Mocne OKOHYAHUA CTPOMTENLCTBA CMEHWNack 3aTem cTabune-
HBIM nonoxennem., OaHaKo B AanbHENLUEM OCafKa 3eMAAHON NNOTUHbLI MpPo-
aomxkanack. Ha mecte ee CToika ¢ BeTOHHON NAOTUHOMN 0BO3HAYMNCR YCTYN C
HapyLUeHWEM MOKpLITUA aBToacporv. MOXHO MpeanonoOXUTe, Y4TO B A@HHOM
cnyyae NOABMNACL KarKasa-TO HOBAaA MPUUMHAE, CNOCOBCTBYIOWEA Pa3BUTUIO OCad-
KW B MecTe CONPRXXEHWA. Tak, Hanpumep, 3a NoCNeAHUE oAbl CUNbHO YBENU-
YANCA NOTOK aBTOMALUMH 4Yepes NMOTWUHY, YTO NOBNEeKno 3a coboi pocT Bubpa-
UM, KOTOPbIE MOFNM CNOCOGCTBOBATE NEpepacnpefeneHvio MenKux 4acTuly
FPYHTa B TeAe NMNOTUHLI U ee yNNOTHeHWHO. ABNeHWE PACTPRCKMU rPYHTOB 34eChb
BPAA N MOFN0 MMETb MECTO, TaK KaK 3T0 ABMehHne ADMKHO NPOWNCXOAWTD
npu yckopeHduAx, 6nmakux K g. B To ke BpemA anuTensHele snbpoaMHamu-

YeCKUE BO3AENCTBMA HaApPAAY C M3MEHeHUEM (U3MKO-MEXAHWYECKUX CBOWCTB"

FPYHTOB MOTNIM NPUBECTH K M3IMEHEHUMIO KX MPOMHOCTHBIX XapaKTepucTUk.
B 3TOoM cMbicnie BM6p3U.VM MOIrNK ABNATLCA NHAMKATOROM BOAOHACLILIEHHOCTU
FPYHTOB U UENOCTHOCTU COOPYXEHUA. MOXKHO MpeancnoKuTh, 4TO NpH Hapy-
WEHUN MOHOANTHOCTU 38aHnA [ IC BOZHNKHYT 8UBPaUUMA OTALNLHLIX €ro Yac-
TeW UM BanOK COOPYXEHUA, 4TO OTPa3sUTCA B CNEKTPAX MUKPOCEACMUYECKUX
KkoneBaHni.

Habnwogenua 3a konebanuamu, sodiukawuwmmu B nnotude F3C noxasanw,
4TO OHW COCTOAT W3 BUOPaUMiA, BO3BYXKAAEMBIX OBMKYLUMMCA aBTOAOPOKHLIM
TPAHCMOPTOM, TUAPOArperatoB W CrOHTaHHbiIX MUKpocencm. Nocneanve asa
BMAA B fanbHenLIeM Mbl ByaeM Ha3sbiBaTb HOHOM. v

Npun perucrpayun BuBpaunit NpUMeEHANOCL 4Ba TMNa anpapaTypbl: CTAHUMUA
€ ranbBaHOMETPUYECKON pPerucTpaumen, coctoAwan w3 ocumanorpacda HO4IV,
ranbsaiomeTpos ['B-IV W ceiicmonpuemuukos YC®-3M; asToMartuyeckas
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Punec. 5.7, Cxema paccTanoBKY npuBopoe Ha nnoTuHe
MpfAMOYroNbHAKAMM NOKAa3aHbl CedcMonpueMHuku: /, ff — nyHKTh Habnwaennn Ha be-
ToHHOU nnovuke; /1, IV — na 3eMnAHOW

CENCMMUYECKaR CTaHUMA € 3anUCbio Ha MarumutHyo nenty ACC-3M. AmMnnutyaHo-
4ECTOTHBIE XaPaKTepucTUKkn MpuBopos 08onMX KOMNNEKTOB NOKasanbl  Ha
puc. 5.6, a, 6, 2. HabnwogeHna Goinn BuiNonHeHsl B Mae 1877 r. n B asrycte
1978 r. C nomowbio npuBopoR NEPBOTro TUNA NPOROAUNUCE KPATKOBPEMEHHbIE
3anueu KonebaHuh npoRomkuTensHocTo 10-20 ¢. 3anuce HhoHOBbLIX BUBPauviA
1 BuOpauui, 8030YxAaEMBIX TPaKCNOPTOM, NPOM3BOANNACL Ha NOBEPXHOCTH
NNOTAHLI, BAONS aBTOMaruUcTparv B 4eTsIpex nyHiKTax, oGosHauenwbix [, /1,
HI 1V {pyc. 5.7). B KaXA0M NYHKTE PETrUCTPauMA KoneGaHnid Benack BAOMb U
nonepex ocu nAOTMHEL fNA uccneaoBaHWA 3aTyxaHvs Bubpaumil npubopel
paccTaBnANUCHL NoO COOTBETCTBYICWAM NPOGHUNAM. 3anuch B OTCYTCTBUU MaLLVH
NpuHMManace 3a gpoHosyka (0Bo3HaueHue 0) .

CpaguuBas zanucn konebannit {puc. 5.8} MOXHO BMAETH, TO ABMKEHME
TPaRCNapTa no GeTOHHON NNOTHHE HE BeAET K 3HAYMTENEHOMY YBenuueHur Bnb-
paymin. B To e BpemAa o4eBNACH KOHTPACT YPOBHA BMBPauMi Ha 3anMCAX Kone-
BaHuit, nonyveHHbiX B8 AyHKTax Habniopeuna //, /1 n 1V Wa BeToHHOI 1 3eman-
HOW NNoTUHax. Peakumn rpyHTOB 3eMIAHON NMNOTMHEI HA BUGpauwv Geina 6onee
CUIIbHOM, YeM peakuuf BeToMHOK NROTHHEL. B NEPEOM cnyuae BO3Myuiaoiume
CANLI MOTYT CO34aTh PE3OHAHCHBIR OTKIIMK B CNOAX PbIXNOTD FPYHTa, BO BTO-
POM —~ HeoBXoANMO PacKayatTs TENO IHAYNTENBHOW MACChi, T.¢. GETOHRYD NnoTK-
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P nc. 5.8.06pazysl 3anuceil nonepesHbIX KONeGaHWIA GETOHHOM ¥ IEMNRHOIR RAGTUH
PamMcknmn uudpamu 0603HaYeHb! AYHKTHI HabnIoaeHWA; WHAESKCAMU MOKA3AHO UMCNO
NPOXOARIMX MauinH: 0 ~ COOTBETCTRYET OTCYTCTRWIO ABTOMBLUWH HA PACCTOAHMM HE MEHee
+600 M OT ceRCMONPUEMHUKOB; T — NPOXOAUT OAHE TRXKENAA MaWMUHE, 2~ ABE aBTOMALUM-
Hbi OAHOBPEMEHHO
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Puc. 5.8 (oxonuaune}

Hy C BK/MOYEHHbIM B Hee MaluHHbIM 3anom. Wcnonb3osaHue ceicmuyeckon
cTaHumn ACC-3M ¢ MarHUTHON 3aM1CHI0 MO3BONKMNG NPOBECTA pasfenenne Bub-
paumi no ux yactote. Ha 3anucy WnpOKONONOCHOTO KaHana YeTKo BUAHbI HU3-
KouacToTHble KoneBamna ¢ uactoton 1,4 Tu (puc. 5.9,/). 3tavyactora cooTmet-
cTeyer wucny obopoToe ruapoarperatos 83,3 06/mMuH. KonebanwvA, Bo3byxaae-
Mble aBTOTPAHCNOPTOM, UMetnT Bonee BbICOKWE YacTOTbi, NO3TOMY HA3KONACTOT-
Hbte KonebakuAa nNpu 06paboTKe MCKNIDYaNUCh C NOMOUWLbIO UNLTPaUWKM U B
AaNbHEALIEM HE YUATbIBANNCH.

PaccmotpuM oHOBbie Nonepeussie U NPOACNLHLIE CMEWEHWA TPYyHTa, No-
Ny4eHHbIe OT BUBpauui rugpoarperatos. B tabn. 5.1 npuseaeHb! UX aMNANTYAbL,
uamMepenHsie AnA 60]18& XapaKTepHelX nepuogos. BH.ﬂHO, HTO aMiAanTyast none-
peudbix KoneBaHui nnotvHbl B 1,5~3 pasa npesbiwaoT aMNNUTYAk! NPOAOAL-
Hbix KonebGanuid. [To3ToMy B AanbHeillem paccMaTpuBanuchs TONLKO NOMepev-
Hbie BUBpauum NNOTUHLI. AMMAAUTYRHbLIE CNEKTPLI 3TUX KonebBaHwil NoKasaHbl
Ha pue. 5.10. CnekTpanbHuie NNoTHOCTY KonebaHMi thoHa, WU3MEpeHHbIe No
OCpeAHEHHbBIM CNEKTPaMm, NpuBeAeHbl 8 Tabn. 5.2.

AHanu3 nonyueHHbIX AaHHLIX NOKasan, uTo BUGpauvMu oHa YMeHbLIaTCA
no Mepe yaanenus ot mexanunamos FIC. OcobeHHo cunbHO 3aTyxaloT subpaumy
¢ uactoton 30 Iy, cNeKTPanbHaa MAOTHOCTL KOTOPLIX YMEHbWwaeTcA oT / K
{1V nyukty 8 30 pas. [ina vactorel 6—7 My 3T0 yMeHsLueHve gacTurano 6—7 pas.
OaHako Ha rparvie BETOHHOW W 3eMNAHON NNOTYHLI ANA KofneBanni 3ToN vac-
TOTbl QTMEYEHHaR 3aKOHOMEpPHOCThL Hapywanace. KonebaHuAa 3eMNRAHONW NNoTH-
Hbl 8 nyHkTe /// {cm. puc. 5.7) He yMeHbWarOTCA C PacCTOAMMEM, a yBENUYM-
BawTCA B 1,4—1,7 pa3a no cpasHeHwWC C NyHKTOm // Ha Kpaio GeToHHOR nno-
TUHSIL,

OBpatvmcA Tenepb K KoNeBaHUAM NAOTUHBI, BO3BYXKAEHHBIM 2BTOTPAEHC-
noptoM. ECTecTBeHHO, YTO B YMCTOM BWAE UX NOAYYATb ObINO HEBO3MOXHO,
TAK KAK arperatel NNOTUHbI PaBoTanu HernpepbiBHO W Ha BCeX 3anucAx Bubpa-
Uuii OT aBTOTpPancnoprta Gbinu HanoxeHbl (poHoBbie konebanuA. Npu Habnoae-
HUM H3 BETOHHOW 4acTk NnoTuHbl (Touxu / u /f} BuBpauuu doHa u BuGpaunn,
Bbi3blBaeMble a8 TOTPAHCNOPTOM, Mano OTNAUYaNUCs APYr OT APYra no YacTHoOMYy
coctaBy v yposHio {puc. 5.11). B TO e BPeMA WHTEHCUBHOCTE KoneBGannw
HECKONLKO Bbiwe B To4dKe /. I1o OBBACHARTCA, NO-BUANMOMY, TEM, YTO 3TOT
IYHKT HaBniogeHus PacnonoXKeH Hall UeHTPanbHOW 4aCTl0 NEPeKpsLITUA Ma-
WWHHOr o 3ana, APYroi e — Ha ero Kpato.

Ha 3emnaHoi nnoTuHe aMAAUTYAHLIN CREKTP BMBPaUMA TPYHTa NpU ABU-
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Pwnec. 59. 3anucs MUKPOCEHTM, NORYyueHHan ¢ NoMowbio ACC-3M
! — WUPOKONOROCHLIA Kadan; 2, 3, 4 — nocne hunbTpauum
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Punec. 5.10. AMNnuTyausle cnekTpbt QOHOBLIX KONBBAHUA NNATUKHBI

XKEHUNM aBTOMALWMH ruMeeT GonbluMe 3HAYeHWA, 4eM CnexkTp ¢doHoBbIx Koneba-
Hui (puc. 5.12), npuyem 3To pa3nnune BO3pacTaeT NPy yBENUYEHUH KONMYECTBA
OAHOBPEMEHHO NPOXOAALMX asToMauuH (tabn, 5.3) .

CpaBunm cnekTpel KonebaHui, Nony4eHHble NPU OCAHOBPEMEHHOW 3artucu
KOJ’lEGaHMﬁ OT OAMHAKOBOro Kofu4yecTsa nNpoxXoAAUIMX aBTOMaWMH 8 NYHKTaX
{1 v 111, pacnonoxeHHbIx 86U3M CTbIKZ BETOHHOI M 3eMNAHOW NnNoTuH  {cm.

Tadnwmwua 5.1
Amnnutypa nonepeusbix (1) u npogonsHbix {||) (oOHOBLIX BMGPALNKA NADTUHDbI

A, MKM
‘f*aIELma 1s i, r 1, v,
. 1 I I I 1 I L
} J | I
T T i
6,5 1,5 0.5 1.0 09 1,4 0,9 0.2 0,0
9,5 2.1 0.8 - - 0,9 0.8 0,2 0,0
30,0 1.4 0,8 0,4 05 06 0,3 0,0 0,0
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Puc. 5.11. AMANuTyaubie cneTost BUEpauinit GeTOHHOR WacTy NNOTUKELI
@ — B NyHKTE HaBmoaenvn 1, 6 — B nyyxTe vabnlogesnn I 1, , {1, — & OTCYTCTBMMK aBTO-
MaWwnH {dor) ; 1, — Npu NpoxoxagHun Tpex aBTOMaLLIKH

Ta6n. 54). KonebannA 3eMAAHOR MAOTUHbI BOAM3N CThIK@ MHTEHCUBHEE B
2-3 pasa, uem Ha GetoHHon {puec. 5.13). MakcumansHbie Konebanua Bo3byx-
AaoTcR Ha sactovax 9,5+1,5 Mu. UX uHTEHCHBHOCTD Ha 3EMIIAHON NNOTUHE
BO3pacraeT B 5,4 pasza.

PaccMoTpum BUEpauMK rpyHTOB NAOTUHBL, KOTOPbIE BO3HUKAKT TONLKO OT
aBYOYpancnopTa. 3anuuem ssipawedue (5.1} anr snbpaunii nnoTuHLl B Che-

Ta6bnuna 5.2
CnextpansHsie AnoTHOCTV GoHa BMERAUWA

CnekTpensHas nnoTHOCTe Sluw) 1074 MM sc™?

Yacrora £, (u

1 ", } 1, v,

T
6-8 48 1,6 2.2 06
30,0 2.8 22 15 0,1

7. 3ax. 1667 97
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Puc. 5.12. AMNNUTyaHble CNeKTPLI KoneBaHui B Touxe /1]
111, — dow; /i1, — APOXOAAT TPKU @B TOMA LIKMHD)

S, Mm-L
Z;
4L
/.
4 4
w7t
1 1 | 1 1 1 I

S G 20 L I ISy

P uc. 5.13. AMOIAMTYAHbIE CNEKTPbI, NONYYeHHbIE NPK DAHOBPEMEHHOW 3anucy KoneBaHui
OT Tpex aBTOMalWMnH Ka GeToHHon nnoTumKe {I/,) v Ha semnaHol (///,}

AYIOLIEM BUAE:

S{w) <, (w) + 5 (w) + 8, al.
3nece SA {w) — crexkTp KoneBaHW OT aBTOTPAHCMOPTA; SG {w) — oT ruapo-
arperatos 3C; S; {w) — cnouTarHsie MC. O6o3Hauum cymMmy S (w) + 5’G (e}
uepes S ; (w) . CnexTp Konebanwii OT aBToTpaHCNOpTa GyAeT

S {wh=S{wh -8, (w). {5.8)

OuenKa BuGpaunn, Takum 06pa3om, 4aeT BOZMOXHOCTe NPOBECTU CPaBHEHWE
peakuuy rPYHTOB B YCNOBUAX AEHCTBMAR TONLKO OAHOro Bo3ByauTenAa koneba-
HUM (aBTOMaWWH) W yCTPaHUTL BAMAHKE (hoHa. Mbl NPOBENM TaKoe CPaBHEBHUE
anm yuacrkos f{, [I{ w {V. B pesynpTate nonyyunu, 4to BuGpaumm yuacrka {//
3EMNAHONA MAOTUHBLI MO CPasHEeHWD C YYacTKOM /V, 8biI3BaHHbIE NPOXOAALLIMMH
asToMmalLuHamu, B 7,3 paza Gonbuwe Ha vactote 18,5 'y (Tabn. 5.5) . Bubpauuu,
B030yxaaemble aBTOMalMHaMK Ha yvacTkax /// w IV, 3a8UCAT rnasHbIM 06pa-
30M OT NpPOGuIA aBTOCTPAALI U BEUUECTBEHHOIrO COCTABa rPyHTOB, 06pasyomx
TEeNo 3eMNAHON NNOTHMHLI. Mpoghmnb aBTOCTPaabl Ha ywactkax /// w IV npumepHO
oAvHaxkoB. CnegoBartensHo, nosbiuieHve subpaummn y4acTka /// MOXHO OTHECTY
98




Ta6nuua

53

OTHOWeHWE CNEKTPaNbHLIX MNOTHOCTEW BMbpauun,
NONyYeHHbIX NPU NPOXOKAEHIUN ABTOMALIMH,
K CAEKTPANbHLIM RNCTHOCTAM BUGPpauuh thona

OAHa aBTOMaALLMHE HeckonbKo aBTOMaWWH
f,u -
i 1 Hi ! i i
6,5:1,5 1,07 119 2,14 1,15 1,37 2,73
9,6t1,5 1,0 0,92 5,0 3.85 2,1 55
12,0 - - - - - -
16,0 - - - - - —
18,5+1,0 1,25 1,03 3,0 1,31 2,5 4,0
30,0:1,0 2,25 1,0 1,3 2,14 0,74 1,2
Cpearee 1,39 1,03 2,86 21 1,67 3.35
Ta6bnrnuua 54

OTHOWEHNE CNEKTPANbHBIX NNOTHOCTeR BuGpauni,
nonysedHuiX B6AKan conpaxeHnAa semnauon (//4)
1 xene306eToHHOM (//) NNOTUH NPC NPOXMKASHUN BETOMAL WY

Yactorva f, 'y

TOMALLUHBI
8IS o)

Mpn NpoxoxaeHun OEHON ae- Mpy NPOXaXKABHUM HeC-

KONBKWX 388 TOMALWIMH
, Snl,(w)/Sn(w)

i

6,515 1,8 2,0

9,5%1,5 5,4 2,6

18,5+1,0 2.9 1,6

30,0 1.3 16

Cpeanee 28 2,0
Taénuuya 55

CnekTpansHaa nnoTHocTs kongbarui SA(wHO“ 0T aBTOMAWIM K, NOAy4eHHaa no (5.8)

Yactota f, fu

Homep yuactka

1 f v
6,5¢1,5 0,3 2,5 0,05
9.5¢1,6 0,1 8.0 1.1
18,641,5 0,1 1.6 03
30,0:1,5 0,2 0.3 0.6

3a cyeT Gonee NNOXOro COCTOAHWA FPYHTOB B 3TOW 4acTu nnoTwuHel. HeTpyaHo
38MeTUTh, 4TO yyactox /// aeMAAHON NNOTUHSI, NPUMBIKAIOWKA K ee GeTONHON
4acTu, nonyuaeTcA Bonee onacHLIM, TaK KaK 34eCL BUGpauvv oF rmapoarperaros
1 NPOXOAAWLEro TPAHCNOPTA CYMMUPYHOTCA.

OueHnm BUBPaLMM NPU  MaKCUMaNEHO BO3IMOXHOM 4MCAE MPOXOARUMX
aBTomawwmn. flycrs no asTOCTpPaje ABMXETCA OAHOBPEMEeHHO 1, 2,..., /..., m Ma-
WnH {puc. 5.14) . PaccmoTpuM none BuSpauMi, KOTOPOe BO3HWKAET H3 HEKO-
TOPOA NNOWLAAK, CUMMETPUYHO PACTIONOMKEHHONW O0THOCUTEALHO OCU NIOTHOCTU.
Pa3obrem 3Ty nnowansy Ha ceTKy KBafPaToB W ONpPeaAennM aMnnmTyas! Koneba-
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Puc. 5.14. Cxema Kk pacyety nona aubpaunn
B Touke M Bo3HUKaOT BREPAUMM OT 8 ABVIKYWWXCA aB TOMBWMNH

HUA B KXKAOM U3 HUX. PaHee HamMuK Bbinu nonyyeHsl koneBaHuA, BO3HUKaoWmMe
npu ASMXKEHUM OAHOW rPy30BOWM asToMawmHbl. B Touxe N, HaxoaAwencA HMa
paccToAHMM A, GbiNK NONy4eHsl aMNANTYAbl KoneGaHWi Pa3fiuyHOW 4acTOThi:
an (w), a5, {w),... 1 7.4. Onpeaenum Teneps aMANUTYALI KOnebaHWA BO BCex
TouKax ceTku. B Touke M, HaxoamRLeNCA Ha pPacCTOAHUM Tae OT aBTOMALWNHBI /,
aMnnmTyael KoneBaHu TpyHTa MOryT BbiTe NpeacTaBneHbl KaK

o lw) =a, {w) (rMe/A)"”0 .

3pect Ny — 3PREKTUBHLIN KOIMPUUMEHT 3aTyXaHuR, BKNOvalowmin 8 cebr
PACXOKABHME CEACMUYECKUX BONH U HeobBpaTumsle AUCCUNATUBHbIE NOTEpU.
NonHast aMmnnuTyfa Kone6aHui, Bbi3BaHHaA B8UBPAUMAMM BCEX ABTOMALLUH B
Touke M, Gyaer

AM(mh:{gl [aNi((")H'mf/A)_no]z} 2

Yyuta Bubpaunu ot ruapoarperatos 3C {hoH) , nony4mum
Y
_ 2 2
Ayt = fia, h1? e @1 ?)"

ne BbIN onpeaened No 3anucAmM BUBpaUmii OT NPOXOAALLMX 3BTOMALLWH Ha yvacT-
ke /V 3eMNAHOA NAOTUHLI, rae OH UMen He3HaYMTeNbHYIO BenuunHy. B uurep-

Tabnuuya 5.6
AMNnuTyas) KoneGaHWN 3eMNAKOIN NNOTMHBI OT Mexannimos [IAC

PaccToAHWE OF CTHIKA BETOHHOMN U 3EMNAHOM NNOTUH, M
Yacrora f, Ny -

20 a0 | e
T T 1 T 1
6,5:1,5 1,2 1.0 09
9,515 13 1] 07

30,0+2.0 0.8 0,5 0,2
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Puc 5.15, flone enbpauvit, BOIHU KaOLLeE Npy ORAHCBREMEHHOM BO3AeNcTEMYU B rpya0BbIX
aBTOMALWNH i hoHa, 06pasyemoro Mexannamamu '3C
UnacdpaMn 060anaueHbl CpeAHWE CTATUCTHHECKNE aMMNNUTY ALl Amum 4NA YacToThl 8,5+
£1,6 Tu (B cxobkax anadactoTe: 6,5 I'y) . LiTprxoB KoM NOKE3aHO aMARMTY AHOE NONe doHS.
Undipel ceepxy ~ 3HA4GHUA amMnNUTy R hoHa

Bane 4yacTot Kone6anui ot 6,5 po 30 Ny KoabdMuMeHT 3aTyXaHUA U3MEHANCA
ot 04 80 0,8.

3atyxanne amnnutyl GoHa (AB) 6bino onpegeneHo C NMOMOWBKD 3anucen
Bubpaumin Ha ywactke ///, Cencmorpachbs {cm. Ta6n. 5.6) Gbinn ycraHosnews!
BAONL NNATUHBI HE paccToAHMAX 20, 40 n B0 M OT CThiKa 3eMNAHON ¥ BETOHMOM
nNO0TUH. ABTOMELWMHLI BO BPEMA 23aNUCKH OTCYTCTBOBANN.

Mposedexnan paBorta NO3BONMNA HAM MOCTPOUTL NOME MUKPOCEHCM, BOIHK-
Katowmx npy NPoxoxaeH 8 asTOMaWWH no yvactky /// 3eMnAHOW NNOTUHSI
{pvc. 5.15) . BugHo, 4To aMNAMTY ALl KoneGaHuin, paeHbie 8 MKkM  (npu vacroTe
95+ 15 Tu), oxBarblBalOT NNOWEAL AOPOrM W OBOUMH, a amIAuTygs!
10—11 MKM npocnexuBaloTCA TONbKO Ha aBTocTpane. ®ol, obycnoeneu-
Hbl paBoTon ruapoarperatos M BogocBpocos MIC, 3aTyxaeT no Mmepe
YAaneHnA OT MecTa KOMTaKTa C Kene3obetoHHo# NnoTvHon. Maxkcvmans-
HbI® 3HayeMMA KoneGaHWi 3eMNRHON NNOTWMHLI NOA AGACTBMEM ABTOMA-
WK  obHapyxuBalwTcA Ha paccToAnun ao 20—30 ™M or Mecta NpUMbIKa-
HWUA ee K BETOHHOW NNOTMHE,

B aaknwoueHve MOXHO CKa3aTh, YTO NPU PaBHbIX YCNOBWMAX BO3BYXAeHMA
(tonbko asToMawwrHamu) subBpaunn, sosHUKawme Wa /// y4acTke, NpUMsI-
Kawem K 3paqnio 3C, B0 MHOFD Pas MHTEHMCUMBHEE, YeM Ha yyacTke /V, oT-
CTORWEM -Ha paccToAruy 1000 m ot aganna '3C. Pacvetr noxasbiBaeT, Y70 gM-
AAuTYabi KoneBamwin 8 nepsom cny4ae Gonswe B 3—4 pasa N OXBaTbIBAIOT 3HA-
YUTENLHYIO MNOWAaAb OTKOCOB.

NossbiweHve suBpauvii yyacTka /// no cpasHeHWIO C YYacTKOM /V MoXHO
OTHECTM 33 CcueT  (BM3WYECKOrQ COCTOAHWA TPYyHTOB, Gonbweik B0OAROHE-
CblLEHHOCTM, 3a CYeT pPa3NMYMA  KOHCTPYKUWW, YKNBAKW Tena 3eMAAHOW
NAOTUHBI B ceveHunx [/ n IV Wnn nHpIX NpUYmH. Younenue subpauni Moxet
Buith Takke MHaMKaTOPOM nporpeccupylowMx AedieKToB B nnotuHe. C aTow
TOYKY 3peHUA yenecoobpaiaHo NpoBOAWTL CMCTeMaTu4ecKue HabnloaeHwA C
MOMOLWWLID MOCTORHHO REACTBYIOWENA CENCMUYECKON arnapatypst, ycTaHoBneH-

HOW Ha 3eMNAHOK NNoTuHe U 3aaHun [3C.
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5.3. N3YYEHUE CEACMMUYECKWUX CBOWMCTB IPYHTOB
nog BO3AENCTBMEM BUBEPAUMOHHLIX HAIMPY30K

Bbiwe 6bif0 NOKasaHo, 4To BWBpauunn, BOGYMAAEMbIE ABTOTPAHCNIOPTOM,
NPOXOARWMM 110 NMNOTUHE, MOryT AaTb UHMOPMAaLMIO O COCTOAHUU TPYHTOR,
charalowMx Teno nNnoTuHbl, B aaHHOM pasfene AenaeTcA NONbITKA OUEHWTH
OTHOCHTENLHYIO YCTOWYMBOCTb ABYX YYaCTKOB OAHON M3 KPYNHbLIX 3EMNAHBIX
NfIOTUH, PEIKO OTSINHAKLUMXCA CBONMU UHXKEHEPDHO-FeoNnornyecKnmm yCnoBua-
mv. Ee MOLLHOCTS Ha NepBOM yyacTKe cocTagnAet 16 m, Ha sTopom — 11—12m.
HambiBHaR 4acTb 060OMX y4acTKOB NNOTWHLI NPEACTaBNEHA MENKO3€PHUCTbim

neckom. OCHOBaHMEM MEPBOro y4acTKa CNy»MT CeMHaAUuaTUMeTpoeas TOAlWaE

CYIMMHKOB W Ccyneceid, a OCHOBRaHWEM BToporo — rpyGo3epHucTeie puabaz-
nermaTutot {cM. puc. 5.16). B paiiode nepBoro yuactka npoucxXomuT 3Hauu-
TeNbHBIW BbLIHOC MPYHTa B APEHAXHYHO Fanepet, U B CBA3U C ITUM TIPOUCXCANT
ee npocaaka. BTopoW yuyacTok asnAetcA HavGonee GNaronpuATHbLIM B OTHO-
WeHUN HUNbTPauKnn, BoIHOCE FPYHTA Y NPOCaAKKU ApeHaXkHON ranepeu.

HabniogeHna Bennck Ha rpebHe, Bepme U B ApPEHAXHOW ranepee NMAOTUHLI.
3anmce KoneBanHuid NpoBoaunace CTaHAAPTHOW WHXEHEDPHO-CEMCMOMETpMYe-
cKoi annapatypoit (cesicmonpuemiuxy C-5-C ¢ ranbBaHOMETPUYECKOW peru-
cTpaumeit) . BribpaHHble napameTpbl annapatypsl o6GeECNewnBany 3anuchb Cme-
lWeHnA KoneBadui rpyHTa B AvanasoHe ot 1 ao 60 Tu. HabnwogeHua NpoBoaun-
ANCL B 3MMHMX YCNOBMAX fipu TemnepaTypax —15 -+ —25°C. B CBA3u C uem
HacTpoMka nepuoaos cedcmonpuemHnkoe C-5-C npon3Boavnach HETOYHO,
8 Mpefenax 3xaveHun mMexay.4 u 5 ¢. Kak nokasanu pacdeTsl U 3KCNEPUMENTSI,
TaKaA HETOYHOCTL B HACTPOMKEe CYLUECTBEHHO He BAWAET Ha BUA aMNUTYAHO-
YAaCTOTHOW XapakTepucTuku., B Kakgom nyHkTe Habniogexnit perncTpupasa-
INCh TP B3aNMHONEPNEHAUKYNAPHLIE KOMMOHEHTLI BEKTOpPa CMELLEHNA Kone-
6aHuid TPyHTa: BepTUKanLHaR NepPneHANKYNAPHO OCK MNOTUHLI {X) W ABe ropu-
30HTanbHbLIX BAOSL OCU NNOTUHBLI (y) . Mepea Havanom paboT BCe cericMomeTpu-
YeCKUe KaHansl BbinKu NPOBEPeHbE HA WABHTUYHOCTb. ‘

Mpu aHanu3e 3anuceld cMetleHwr KoneBaHwWid rpyHTa Ha NepBOM y4acTKe
B8 2 M OT eneaHoAOPOXKHOTO NYTH BbiNn YeTKO BhIAENEHLI TPU TyNa BUGPaLUi:
Hu3KkouacToTHble, 0,7—1,0 Ty, eubpayun ocHoaHoro ToHa 4—10 4, U BeICOKO-
4yacToTHple, 25 Ty ¥ Bblwe. Hu3kouacToTHLIe KonebaHnA aByCnoBeHsl Nepuo-
ANYECKMM ABVDKEHUEM DENbCOB B8BEPX-BHU3 NpPU MPOXOXKACHMM BarOHOB. OHws
NOABNAKTCA NPU MPOXOXAEHUW M0OE34a HaNPOTUB NYHKTa HabnwogeHun /
WU C ero yaaneHyem 0T UCCNeAYemMOro ceverHna MIrHOBEHHO 3aTyXalT. B NYHKTax
HabnoaeHnt Ha GepMe U 8 APEHaXKHOW ranepee HU3KO4ACTOTHAR COCTABNAIOWEA
Ha 3amMMCAX He NPOABNAETCA. BbiCOKOYACTOTHLIE KONeBanWA, cBA3aHHbLIE C
HEepPOBHOCTAMM KOMEC ¥ TUMNOM PEeCcCOPHON NoaBEeCKWU, Ha pacctoAHun 30 m
OT Hauana WMNM KOHUA NPaKTUYeCKU OTCyTCTBytoT. KoneBauua C 4acToTow
4—10 lu NpoABNAIOTCA € HauBONbLIEN WHTEHCUBHOCTLIO, WX AMNAMTYAbl 38Ty-

xaloT cnabee. Tak, NpM yAaNeHUU MCTOYHUKA koneBaHuia Ha pacctoanune 400 m -

OT MyHKTa HabnioAeHWA Ha rpebHe NNOTUHbLI MAKCWMAaNbHLIE aMNNUTYAbI eLle
XOPOWO NPOCNEXUBATCA, XOTA YMEWbLIATCA B 2—7 pa3 B 3aBUCMMOCTW
OT CKOpPOCTH 1 Beca coCTana.

Takum obBpazom, uTo6bl n36exaTbh HaNOKEHUA HUIKQUACTOTHBIX U BbICOKO-
YaCTOTHbIX COCT2BAAIOWMX W BbIABPXKATb OTHOCUTENLHO OAWHAKOBLIE PAcCTOA-
HUWA OT UCTOYHUKA KonebBaHwih O0 gpeHawHol ranepen, 6epmbl M rpebuA Nno-
TWHbI, PEFUCTPUPOBAnMCh KonebGaHMA OT NPUBAMKAIILMXCA U YAANAOWMXCA
noesaos.

Ha nepBOM yyacTKe NNOTUHBLI aMNAWTYAbl KoneGaHUi TPyHTa B ApeHax-
HOW ranepee LNA BCEX KOMMOHEHT 3aMUCH COMOCTaBUMbI C aMAUTYRaMK Kone-
GaHnit Ha Bepme (Tabn. 5.7). CpeaHue amMninTyAkl MaKCUManbHbIX KonebaHui
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Puc 5.16. Cxema paccraHoBKW NpuBopos Ha nepsoM (a) u Ha BTopoM (6) yyacTrax rino-
TUHDBL
7 — MENKQ3EpHUCTLIA MecoK; 2 — CYFNAHKW u cynecu; 3 — auaBas-nermarntel; Tpe-
yronsHuKamu 0603HaueHbl MECTa YCTaHOBKK NpnBopos

4 Vi

P uc 5.17. 3anucu BuBpaywin rpyHTa 0T noe3Aa Ha nepesom (a} u stopom {6) yyacTkax
Nonoxenne npubopos nokaszamo Ha puc. 5.16

8 ApeHaXKHOW ranepee No 2 v y COCTaBAAKWMUM npumepro B 1,5—25 paza
MeHbuJB, yem Ha I'pEGHe MNOTUHLI, @ NO X COCTaBJ‘IHIOu.geﬁ MMEOT CONOCTaBMUMbIE
3HayeHUA,

Ha BTopom yuactke woneGaHuA B ApeHakHOW ranepee No CPaBHEHWIO C
rpebHem NNOTUMBI cnaBee no x cocTasnAwwed B cpeadem 8 11,5 pasa, no vy
cocragnatowell — B 5, u No 2z coctaenAowen — 8 3 pasa {rabn. 5.7).

Ha 6epme no y cocraBnsIOWER amnnuTyabl KonebaHwi npumepHo & 6 pas
Bonble vem B gpeHakHOM ranepee, a MakcMmansbHble aMNAUTYAbl ¥ COCTaBNRA-
owen Ha Gepme 1 Ha rpeBHe NNOTUHBI CPABHUMbI MEXAY COB ~.

Takum o6pasom, ecnu paccmaTpuBaTh TOMBKO BEAWYMIBI AMNINUTYA Ha
NEPBOM W BTOPOM yyacTKax NMNOTUHAI, TO MOXKHO NOWIATH K BbIBOAY, YTO FPYHTLI
Ha Gepme 1 B APEHaXKHOI ranepee Ha 3TUX YYaCTKax 3HaYUTENLHO Pa3nuyaloTCcA
fo ceoum cedcmuuyeckum csoncteam (puc. 5.17). MpuHumar BO BHUMaHWe,
NTO Ha BTOPOM y4aCcTKe B OCHOBaHWMW ApeHﬂ)KHOVI ranepey ne)at CKaneHble
FPYHTBI, MOXHO 6uino Bbl 0xvAATE OCNAGrEHUA MaKCUManbHbIX aMNAUTYA
B 2 paza No CpaBHEHMIO C PbIXNbIM NECKaHbIM FPYHTOM, @ He 8 5—11 pas {110,
170]. Buaumo, ocnabnenue svbpauwii CBA3aHO C 3aTyXaHMEM aMNAMTYA Ceiic-
MWUYBCKUX BONH ¢ rnyBuHoi [108]. MOXHO TaKkxe 3aMeTWUTb, 4TO Ha BTOPOM
YY3CTKe rpyHTwl Ha Gepme W Ha rpebHe NNOTWHLE KONEBNIOTCA NPUMEPHO C
OAMHAKOBbLIMM amnnuTygamMu. Ha NepBOM Xe yuactke BNU3KUMU o CBOUM
CeCMUUECKUM CBOACTBAM ABNAIOTCA rPYHTL) Ha Bepme M B OCHOBaAHUW ApEHaX-
HOA ranepen. 3heck NpPaKTMYECKW He NPOMCXOAMT 3aTyXaHWA CECMMYECKMX
KoneGauuit ¢ rny6uHoi No X COCTaBNANIWEN M HaBNIOAAETCA AOBONBHO cnaboe,
BCero 8 2—-2,5 pasa, saTyxaHune amnautys Bubpaumii No z v y COCTaBRAIOWNM.
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Tabanwua 5.7
MNapameTphl CEACMHUIBCKUX KONRGEHWE FRYHTON NNOTHHBI,

BLIILINAEMDBIX NPOXTMAEHNEM AOPOMHOIQ TP pTA
YwacToK f TTYHKT Ha- MaxkcnmansHan
NAOTUHY F BnI0ABHAR Paccrorune, m Coctannrpw 1n leMnnmy“' MKM
o s ?, - 1
X 32
3 76 Y 25
re 2.8
X 2,9
| 2 78 Y 2,5
F4 41
X 3.8
1 64 Y 5,8
b4 5,5

flo agHemm H.H. Macnosa (108, anA ray6un (8—10 m) amnaurysa enbpa-
UM B NECUaMBIX MPYHTAX AGMKHAE YMEHBLUIUTRCA MPAKTUYECKU AO HYNA.

ANan13 cnexTpoe Pypbe v BUAWMBIX 4acTOT BMOpAUMWA, Kak n aHanwa am-
NRWTYAR, NOKa3biBAET CYU(ECTREHHYIO PadKiyy B KoneSaHWAX rPYHTOB Ma NEPBOM
M BTOPOM YyNaCTKaX nnoTvHui (cMm. Tabn. 5.7}. loa e81aWMeIMA 4aCTOTAMU
3A6Ch NOAPA3yMEBAIOTCA H4aCTOTbi, COOTHETCTBYIOUME MAKCUMANbHBIM aMiin-
TYABM KonebaHum. :

OcHoBHBbIE aMNIUIYAB! CNEKTPOB Dypbe Sy {f) NpUmepHo cooTmercTByY-
KT UIMEPEHHBIM BUAVMGLIM 4ECTOTAM, 3TO XB8PAKTEPHO KEK ANR fPYHTOB Ha
yvacTKe /, Tak # AnA rpyHTOBR Ha yvactke f/.

Takum 66pa3oM, U NO BUAWMBIM YSCTOTEM, W MO  4acTOTam, COOTRETCTRY:
UMM Makeumymam cnextpos (f,) ®ypes, konebaHMA rpyHTOB Ha yvacTke
{1 othu4awTcA Gonee BuLiCOKOYACTOTHBIM XAapaxkTepoM NO CPEBMEHUK C KO-
neGanvAamn rpyHTOR Ha yvactke / {puc. 5.18). 3ro, no-smaMMOMY, CBAR3AHO
C T@M, 4TQ B OCHOBAHWW NNOTUHLI HA YYaCTKe // NexkaT CKanbHbie MPYHTHI.

PaccmMOTPMM YCNOBHBIE HACTOTHBIE XapakTepPUCTUKMY, MpeacraBum wx

S 7 Y

Vad

Vs

Il . J L

7 ¥4/ 25 5y

Puec B.18. Criextpsl 8U6paLMA rpyHTa OT NPOXROAAWETO NOE3AE
2 — NEPBLIA YYACTOK U & — ATOPOW; T — HE Bapme; 2 — HA ZpEHAKHOW ranepee
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Am; '
Buanman vacToTa, MU wﬁ% $(f) ppx- 107 f, Iy

7.1 1.0 0.45 5.5
8,1 1,00 033 6.6
50 1,60 0,36 7.5
4,7 0.9 0,49 4,5
9,9 1,00 0,44 8,0
44 1.46 0.60 5,8
4.6 1,13 0,57 : 3.0
7,0 2,32 1,20 . 5,86
3 1,96 1,10 3,0

KaK OTHOWEHWA cnexktpos Pypre wxonebanuii rpyHTos Oepmel #  rpeb-
HA NAOTHHBE K CNeKTPam Dypsa rpyHTOB ApeHaskHOU ranepen. YCnoBHsie 4acTgr-
Hblé XapaKTEPUCTUKM NOKA3LIBAIOT B SAHHOM CY4&6, BO CKONBKO pa3 ypoasHs
KoneBaHnn Ha Gepme w rpebue NNOTuHb! Bbhilie, Y8M B APEHaXHOA Tanepee.
AnA Gepmbt y4acTka / 3Ta BenU4MHa Bbitue B 3 pala no x COCTaBAAILGA Kone-
6aHnid v B 6 pa3s no sapruKkansHoN cocrasnAwowen. Ana rpebHA NAOTUMB NO. X
COCTaBNAIOULGA 37O OTHOLUBHME cocTaBnAeT 58, no y — 6—8 n 3—-6 no 2 cocras-
NRIOWHM.

Ha yuactke // He rpe6He NNOTUHLl ypoBeHs KONeBaHWN Mo YCNoBHbIM ua-
CTOTHLIM XapaKTepUCTUKaM Bonbuie ypoBHR KonebaHwii B ApeHaxXHOW ranenee
npumepHo &8 60 paz no x cocraBnawwen u B 100 pas no 2. JTi AGHHLIE AonON-
HWTENBLHO NOATBEPKAGIOT CYLWACTBEMHYIO Pa3HiLy B KonebaMWAX IpyHToB Ha
yuacTkax f u /{.

HDOBGAGHHNO necnefoBsaHA NO3IBONAKIT HAM CAGNATHL CNEAYIOWNE BbIBOALI:
no aMnNMTyaamM MaxKCyManbMbix Konebamui, cnextpam dypse W yCAOBHLIM
YaCTOTHLIM XapaKTepPUCTUKEM HaGmonaercn paanvyve B KonabaruAax rpyHTO8
Ha yyactTke { v {/,

Ha yuactike // otmeuveno pe3oe ocnabnedve cencMudecKknx KonebaHwi
8 ApEHAXKHOW ranepee, B TO BPEMA KaK HE NEPBOM YYECTKSE 3TOro Me Nponcxo-
ant. 370, NO-BMAMMOMY, CBA3AHO € YXYAWEHNEM CBACMMYBCKUX CBOWCTB FrpyH-
TOB B QCHOTEHUM RpEHRXHOM ranepsy yvacTka /, 8 48CTHOCTY € 0GBOAHEHHMO-
CToi0, ["pYHTBI HB /-M Y4aCTKE OTNMYANOTCA OT IFPYHTOB HA [/-M yuacTKe, Tak
Kar umenT Bonee HN3KONACTOTHLIW cocTas KonebaHuit, MaKcumyMbl CrekTpoa
AnA yvactka / npuxoanTtcs Ha vactoTes 5—10 My, a gnA yvactka // — Ha wacTo-
b 8-45 My,

B cBA3W C npoxnagkoi BTOpsLIX NYTBH N0 NNOTMHE W HAME4YAEMbLIM YBenu-
YeHMEM B nocneagywwme oAbl CKOpPOCTH ABXEHKUA W PYy30NOABEMHOCTHA
KENE3HOAOPOXHLIX COCTABOB, 8 TAKXKE YYUTLIBEA OTMEYEHHLIE Bbiwe Hebnaro-
NPWATHbIE ABNEHWA HA NEPBOM YvaCTKe MNNOTHHbI 6b1nn ﬂpOBSAGHhI p8601‘h|
A0 U3MEPeHWIO W NPOTHO3MPOBAHUID MaKCAManbHbiXx BUOPAUMA Ha 3ToMm yul-
CTKe OT npoxoARWwMX Noesaoe. B peayneraTe 3TMX uccneaosaHni Suino otme-
YBHO W3MEHEHVWE CO BpeMeHeM CBACMMUECKUX CBOWCTB FPYHTOB MNOTUHbL
(vabn. 5.8} .

OTHOWeHNA MAKCHMansHbIX SMAMAMTYA FOPU3OHTANLHAIX COCTABNAIOUWNX
8 Pa3Hbie FOLbI MANG OTMYAKOTCR APYr OT APYra. 3HAYEHMA OTHOWEHWA MaK-
CUMENLHLIX AMNANTYA N[O BEPTUKENbHOM COCTaBNAIOWEN WMEKOT TeHARHLWUW
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TaGhnua 58

IbIX AMNNATYA, KORGBAHUN TPYHTOR NNOTHUHLE
no pesynsratam HaBAKABKRUI pa3veix net (puc. 5,16}

CpaBsHeHue OTHO

fon Az JA;, Ax My, | Ay /Ay [ Az JA; | Ay /Ay, Ay, /Ay
1978 1,9 0.9 - 26 14 -
1977 4,4 0.8 09 3,7 Q,7 0.9
1988 53 1,1 16 49 1,3 1,4

K yBENuueHMs. 3T AaHHbIE CBUABTENLCTBYIOT OO yAyYIWeHUM CceicMryYecKux
cBOMCTB rpyHTOB. Haubonee BepoRTHLIM OGBLACHEHVEM YAYWLWEHUA celicmn-
HECKUX CBOWCTB rPYHTOB HAa Y4acTKe , ABMAETCA NOHWKENWE YPOBHA HaNOpHO-
FO ropmnaoHTa sepxHero bbeda.

Takum obpa3om, MMCTPYMEHTanbHbie HabniogeHuna 33 KoneGaHWsAMM, rpyH-
TOB NNOTWHLI, BbI3bIBaEMbLIMUA TIPOXOARLUMM >KENEZHOAOPOKHbLIM TpaHCop-
TOM, MO HAeMy MHEHUWIO, AJT BO3MOXHOCTL YCTAHOBWUTL OCnabnennsie ee
MECT3 U BECTU NOCTOAHHDBIA KOHTPONb 32 COCTOAHWEM FPYHTOB HA 3TUX yua-
cTKax.

5.4. WBMEPEHWR BAPWALIMA YPOBHA U CNEKTPAMGHOIMO COCTABA
MUKPOCEWCM TTPU CEACMUYECKOM MUKPOPAROHWPOBAHUMW
ARMAYHBLIX LLEHTPOB B MOHTONUNK

B wuacrorwem paspene nokaszano CMP ajimauHeix ueHTpoe Mowronmm ¢
NOMOWbI0 [IPUMEHEHUA CMeuManbHOW annapaTypsl ANA 3anucein MUKpocercMm,
WX YaCTOTHOrO ¥ BPEMEHHOTO aHanu3a.

Cnyvaiinbiih  XapakTep MUKpoceCMUuecKUX konebaHui Tpebyer aHanusa
60oNbLION COBOKYMNHOCTU pPeanu3auuii, KOTopsie 4acTo UMET 3HAWATENLHYIO
ANUTERBHOCTE. [1PU HANUYKKM OCUUANOTPaMM MNW TPAPUHECKUX 3AMUCEA MONHO
BLIYMCNIWTL CPeAHeE 3HaYeHMe, CNeKTPanbHylo MAOTHOCTL, KOPPEenALUOHHLIE
DYHKUMN U APYTUE XaPAKTEPUCTUKY MUKPOCEMCMNYECKUX KonebaHiui, Ho
370 TpefyeT 6ONbWIKX 3aTPAT BpeMeHH.

B HacTOAwEee BPEMFA YCUNEHHO DasBMBAETCA aNNapaTypHbiA CNeXTPanbHbIA
aHanu3, OCHOBaHHBLIM Ha MCRONLIOBaHUY aHANOrOBbIX U UMPPOBLIX CNEKTPO-
avanu3atopoB. [IpumeHeHvue ANA  3aNUCHM  MUKPOCEMCMUNECKUX KOseGaHui
annapatypet ¢ MarHATHOW 3anncbio TIO3BONAET BOCNONL3OBATLCA aHanW3aro-
POM TAKOTO TUNA W CYWIECTBEHHO YMEHBIUATE BPEMA aHanu3a. Hamu venons-
30BaH KOMMNNEKC, COCTORWMA K3 annapaTypsl ¢ MarHuTHON 3anvceio ‘Pernon”
v cnekTpaneHoro aHanuaatopa Tuna 01012 dupmm MeccsnekTporuk “OrTo
Wew” (T AP) (pwrc.5.19).

HasgaHHbIA KOMMNEKC NO3BOARET BECTW PETUCTPAUNID MUKPOCEACMMUYE-
cKkinx xonebamnih B auanasoMe ¥actor 0,5~20 My ¢ ysennuenuem V =5.10°
v asToHoMHocTeio 10 cyT. B nonessIX yCcnoBUAX NpeaBaputensHan obpaboTka

THE

V74 777 /i‘;‘f

Puc., 5.19. Komnnexe annapaTypsl ANA aHANW3a MUKPOCEACMUMECKIX KONeBaHWM
JTMB — neHTONPOTAXHLIA MEXaHN3M BOCRpOU3BeneHuA; YB — ycunutenu sacnpomsse-
aeMua; TOA — TpeTbOKTaBHbiA ananuaaTop; (PSG-101 camonuceu ypoBHen
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3anUcKt POBOAWTCA C NOMOWBIO CNEKTPAankHOrQ aHannsatopa ¢ 11 nonyoxTas-
HbIMW  PUNBTPAMA {pnc. 5.203,6). B Aaaneﬁu{eM VMCNONL3YeTCA aHanoro-
LMGPOBON CNEKTPOAHANN3aTop NapannentHoro AEHCTBUA TMNa 01012, Axanun-
3aTop AGWCTBYET MO MPWUHUMMY HEMOCPEACTBEHHOMN cunsTpauny, UMEBT CTaH-
MapTHBIE 3HAYEHWA CPeAHER HOMUHANGHO! 4acTOTh! MUALTPOB € NONOCON Npo-
nyckanmA B 1/3 okTaesl. Huxe npuseaeH pAf CTAaHAAPTU3WPORAHHLIX 3Haue-
HWA CpeAHen HOMUHANbLHOW YaCTOTbl AWANA30Ha TPETLOKTABMbIX UNLTPOB
ananuzatopa: 100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1000 Iu.

CrieKTpanbHbid aHanu3 OCYLIecTBNAETCA B pPeanbHoM Maciutabe sBpemeHv
¢ WCHONL3OBAHVEM MPUHLMAA TPAHCROPTUPORaHWA cnexTpa. B ero ocHoey nono-
EHO YBENMYEHVE CKOPOCTY ABVKEHNA MBTHUTHOA NEHTbI NPW BOCNpOKU3BEAEHNN
no CpaBHEHWIo CO CKOPOCTe0 3arucu. OTHOWEHMEe 3TUX BEAMYMM Ha3nIBaeTCA
K03 UUMEHTOM TpaHcnopTyposatna K. Hanpumep, npu K, =100 coot-
peTcreeHHo 8 100 pa3 casuraerca uccneayemelid cnexkTp B o6nacte 6onee BbicO-
KWUX 4aCTOT ¥ YMEHBLIAETCA BpEMA aHanwaa.

AHanusatop no3gonAeT ¢ HeboabWKMMK 38TPATamik BpPeMEHW BLINONHUTL
TPETLOKTEBHbIA a4anu3 CreKTPOB MMKPOKONEBAaHUA M U3MEPUTL UX YPOBEHb
80 BPEMEHU NO 0AHOMY U3 (DUNLTPOB UAM WIMPOKOMONOCHOMY KaHany.

BbiBOA 3HauEHWH K3MEPAEMbIX BenNWYUMH OCYULECTBNAETCA B aHanorogon
u undposoir thopme. B aHanorosol opme fpon3soanninch UsMmepeHrA ypos-
HA MUKPOKONEeBaHW 33 ANuTenbHLIE NPOMEXYTKY Bpemeny. [inA 3aToil uenu
npumeHAnCR camonucel ypoeHeid PSG-101, KoTopuii NO3BONAET MOMy4aTh
KpMBbLIE BapUauuii YpPORHA MUKpocencmuuyeckux wxonebaHuit 8 peunbennax.

Pe3ynbTaTh! 4aCYOTHOrG aHanusa npeacTaenAwTcs 8 Uudiposod dopme
C OAHOBPEMEHHBIM W306pakeHMemM CNeKTpoB Ha Aucnnee. 3T0 NO3BOMAET B
KOMMNEKCE C BbLIYACNUTEALHOW MALUMHOW NOCTPOUTL GbICTPOASHCTBYIOWYIO
cUCTEMY ANA 2aBTOMATUYECKOW 0OpaBoTKU MUKPOCENCMMYECKUX KonebaHwui,

O6biuHo npy pabote B MC {68, 110] UCXOAAT U3 TOrO, YTO OHW NpeaCTaBNA-
10T coBOoi Cny4ardHbit CTaumMoHapHbIt hpouecc. CBOWCTBA Takoro npouecca
MOXHO NOAYMATb, NOMb3YACH IPrOANYECKMM NPUHUMNOM, KOTA3 OgHa peannsa-
uvA 6oNbWON NPOAONKUTENBHOCTU MOMET 3aMEHWMTL NpU 06paboTie MHOXE-
CTBO peanusauvMii To#l >ke NPOAOIKWATENLHOCTY. B peanbHOM cryyae 3aproguu-
HOCTb MUKPOKONEGAHWA MOXKET HAPYLLATLCA, €CMM B UX COCTaB BXOANT CnyYan-
HafA BenuuuHa, KOTOPaR NPUHWMAEET PasnuvHble 3HAYeHUR ANA KaXAOW peanv-
3aUMM K COXPAHAET WX Ha NPOTAMEHUU pPeAnUu3auMv He3aBUCKUMO OT BPEMEHW.

C 3tuM cBA3a# OCHOBHOW HELOCTaTOK MeTOAa MWKPOPANOHWUPOBAHWUA €
UCNONb30BAHMEM MUKPOCEUCM — BAWAHWE Ha 3ProavuHOCTh TPYAHO YYMTLIBA-
eMbIX hakTopos. Tpu paBote B HaceneHHbIX NYHKTax K Takum (akTopam
8 NEPBYI OuEPEflb MOXHO OTHECTU HanWuue B 30HE UCCNEAOBAHWA NPOMbILL-
fIeRHBIX NPEANPUATUHA € UCTOYHUKaMW BuOpauuMk WU TpaHCnopT. HagexHOoCTb
OMpeAeneHUA CeACMMUBCKUX CRONCTB [PYHTOR MO MUKPOCEHCMAaM  3aBuCUT
OT yueTa BAMAHUA UCKaXAOWMKX (HaKTOPOB W CBA3AHHLIX C HUMW Bapuauui
YPOBHA MUK POCEUCM.

MpruvHel, BLI3bIBAIOWME BapuauMm YPOBHA MUKPOCEWCM, B HacToAwee
BPEMA A0 KOHUA He MCCnenoBaHbl. TeM He MeHee MpU NPOBEABHWUM CEACMM-
HECKOrO0 MUKPOPatOHUPOBAHWUA XENaTeNbHO OUEHUTE WM3IMEHEHWE amnnuTya
MC eo spemetn (BapMauvn ypoBHA) . W3mMeHeHWe Bapuauwv ypoBHA 3a ANW-
TeSlbHLIE NPOMEXYTKU BPeMEHW NOMOraeT, Hanpumep, BelSpaTh BpemA perv-
CTpaumnm npu ofpepeneHWA CEMCMUUECKUX CBOWCTB FPYHTOB MO KpaTKoOBpE-
MEHHLIM 3aNUCAM 1 OUERNUTE OWIMBKM N3MEPEHNNA.

VmelowrecR panneie CBHAETENLCTBYIOT, 4YTO NEpUOALI Bapualuit ypOBHA
MWKDOCBICM UMBIOT WINPOKUIY ANANAZ0H 3HAMEHWA — OT MUHYT 0 HECKOMbKUX
cytoik {159]. UmeloTcA TakXKe YKa3aHWA Ha CE30HHBIE U FOAOBbIE M3MEHEHWA
yYpoBHA MC, HO OHM manoumcneHHb! n He NO3BONAIOT NOKa CyaAUTs O CTENEHW
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P n c. 520, BocnpouasageHne 38nvcy MAKPACENCMUECKMX KONESEHUI ¢ NOMOLLLKD aHA-
NU33TOPE 8XO4AILEI0 B KOMNNeKT "'Peror’”
& ~ HA CKANRLHOM rPyHTe, § — HB poixnoM rpynte; W — WnpoKononocHIh KeWan;
@, ~@,, — NONYOKTABHBIE PUNBTPLI

X BNUAHWA Ha YPOBEHb MUKDOCBUCM, KOTOPbIA OBLIMHO MCNONL3YETCR NpX
OUEHKE CaNCMUUBCKUX CROVCTE FPYHTOS.

Mprmererie annapaTypbl € 3aNKMCblo Ha MarHWTHYIO NeHTy aasT BO3MOXK-
HOCTE NPOBOAUTL HENPEPBLIBHLIE U3MEPERVMA YPOBHA 38 OTHOCUTENLHO ANWTENb:
Hbje NPOMEXYTKU BPEMEHWN C HeBonbwmnmn 3aTparamu Bpemern,

3718 BO3MOXHOCTL ObiNa peanv3osada npu npoeeaeHun CMP aiimauHbiX
ueHTpos YnacyTain u Mypaw 8 MHP. 3aece 6binn npoBeaeHs! UAMEPEHWA YPOB:
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HA MC no 3anMcAm cTauvoHapHbIX CTaHUWIA, KOTOPLIE BENW PEruCTpaumnto 3eM-
neTpacernit 8 r. Mypan & HerpepbiBHOM pexume. [yRKTet HaBMOAEHUA OXBa-
ThiBanu Bce Haubonee pacnpocTpaHeHHbIE TUMOBLIE IPYHTOBLIE YCNOBWA pPalio-
HUpYembix Nhouaaok {cm. Tabn. 4.2) .

3anucaHHbie Ha MarHUTHOW NEHTe MMKPOKONeBaHWA BOCNPOM3BOAMNWUCH
¢ K;p =200. BbixogHoe HanpmkeHue, NpONOPLUUOHANBHOE CpeAHeaputiMeTh-
YECKOMY 3H3UEHUIO BXOAMbIX CUTHANOR, PETMCTPUPOBAENOCL CAMOMUCUEM YPOB-
Helt. B pesyneTate nonyyanucek rpadivky, NpuBeaeHHbIE Ha puc. 5.21.

Ha o6wem tore MC oTueTnMBO BLIAENAIOTCA CyTOuYHbIE Bapuauwu ypos-
HA. MMHMMGJ‘I!:HOE 3HaveHue YPOBHA NPUXOAUTCA Ha HOYHbIE 4acCbl, NPUMEPHO
¢ 0 a0 4. 310t yposeHs B OCHOBHOM ONpPeAenAETCA CROHTaHHBIMU MV IKDOCEC-
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P nc. 521. Bapuaumn ypoBHA MUKPOCEACMUNECKUX KONEBaHMA HA peixnoM () ¥ ckane-
HOM {6) rpyHTax

MaMU, NOCKONbKY B HOYHbIE 43Cbl MPOMBILLUAEHHLIA UCTOYUHUKKW He AEeACTBO-
ganu. MakcumaneHbli ypoBenb fipuxoauwtcA Ha 11—15 4, 3a BpemAa aHanusa
{4—5 cyT] u3meHeHue CpeAHUX 3HAYCHU AHEBHOrC W HOYHGrO YPOBHEW He
npessiwawT 5 ab.

CyTouHble e Bapwauum moryT gocturate 25 ab (1aén. 5.9} 1 Tem cambim
CYWeCTBEHHO WCKAa3UTbL Pe3ynsTaTel ONPeAencHnA  CeCMUYECKNX CBOWCTS
rPYHTOB Mo MuUKpocecmam. O NpMuMHax, BbI3biBAOWMX CYTOUHbIE Bapuauvm
YPOBHA, Ha OCHOBAHWKM NONYYEHHLIX PEe3yNbTaTOB OAHO3IHAYHOrO OTBETA NOKA
AA4Te Henb3f, NOCKONbKY HyXHbl cneuuanbHoie HabnopewnA, QOgHoOW W3 BO3-
MOXHbIX fIDUYUH MOXET BbiTe AEHCTBUE MECTHBbIX WUCTOYHUKOB MOLLHOCTH
KOTOPbIX YMEHbWAETCA B Ho4Hble 4ackl {135]. Mockonbky cedcmuueckue
CTaHUMK YCTaHaBNMBANIMCh Ha NOBEPXHOCTY, HENb3A TaKXKE UCKII4ATL BO3MOXK-
HOTO BO3ABUCTBWA Ha MapameTpel annapatypbl CYTO4HbIX KonebaHnin temnepa-
TYPbi, KoTopbie pocturanm 20 C. Tem He MeHee He3aBUCUMO OT TNpUuUH, Bbl-
3LIBAOLMX CYTOUHBbIE Bapuauuu yposHa MC, ux geucreue nNpu NposeaeHun
KPaTKOBPEMEHHKIX U3MEPEHUA MOXHO UCKNIOUUTL, 6CNYU NMPOBOANTD U3MEPEHUA
8 onpeaeneHHoe BPEMA, WAN yYecTb, €CNU KOHTPONUPOBATL W3IMEHEHUE YpoB-
HA C NOMOLLLIO ONOPHON CTAHLMN.

Hexkotopeimu uccnegoBatenamu [180] oTmevaeTcA HenpeactaBUTENbHOCTL
ToueuHbIx HabniogeHnii MUKpoxonebaHuis. YToBbl 3TO UCKNIOWMTL, Chenyer
NPOBOANTL U3MEPEHUR B HECKONbKUX TOMKAX MAowaan ¢ NocneayoumMm ocped-
HeHWeM, TOCKONLKY BanneHoCTs 8 MECTe YCTaHOBKW Npubopos onpedenner-
CA He TONbKO ANA AGHHOTO NYHKTA, HO U ANA HEeKOTOPO# Nnolaav.

3anucb MUKPOCENCMUYECKUX KoNeGaHWM nNpov3BOAMNAacE € MOMOLLBIO
NepeABUXHON CEMCMNUECKOM CTaHUMN. yHKTe HabnwaeHUA ycTaHasnuBanuch
u3 pac4etd no 2-3 TouKu Bo Bcex Haubonee pPacNpOCTPaHeHHbIX TUMOBLIX

Ta6nuua 59

Bapuausu ypoBgHA MIWKPOCEIHCM, PEHMbIE NO WHPOKONONOCHOMY KKaHany
Cpeanni yposeHb Cpeannih ypoBeHe
MyHKT HabnoaeHun | MUKPOCECM AHEM | MWKDOCEIACM HOYLIO CyTounsie Bap':j'“"“ 6
U, , a5 U,. a6 yeoens  Uy—U,. a
4

1 10 0 10

3 39 14 24

8 32 15 17 -

10 31 16 15

12 16 7 6
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Pue 5. 22 Ypoaem, Mukpoceucmmecxnx Koneﬁauuu Ha pasfiuMHbBIX TPYHT3X B ropouax
Mypan {a) u ¥YnrcyTan (6)
71—12 — HOMEPA NYHKTOB HabnoaeHnW
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P u c. 5.23. CnekTpbl MUKPOCEACMUYECKMX KONEGAHWA, 3aperMCTPUPOBaHHLIX B rOPOAaX
Ynacyvai (a) n Mypsu (6]
7 — Ha ckanbHoM; 2 — Ha OGBOAHEHHOM poixnom; 3 — oGBoaaeHHom rpaBunHO-ranay-
HUKOBGM MPYHTax

TPYHTOBbIX YCAOBUAX. BpeMa MamepeHmid BbiGUpanoch Takum 06pasom, 4Todel
NONacTs Ha PABHOMEPHLIA YYACTOK X043 V3MEHEHWA amniutya v M3ﬁe)l<a‘l:b
BMAHKA CyTO4HbIX Bapyaumin YPOBHA. Kpome 3TOro, M3MeHEHME YPOBHA KOH-
TPOAUPOBANOCE MO 3anNMCAM CTaUMOHAPHBLIX CTaHUWIA, KOTOPbIE BenW PerucTpa-
UMl B HenpepmisHoM pexmme. Ocoboe BHumaHWe Gbino 06paleHO Ha OTeyT:
CTBUE BETPA B MOMEHT NPOBEAEHVA 33MNCH.

AnA conocrasnenna namepenua nposoannMch B Tex ke NyHKTax, rae 6bino
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Ta6nrwuua 5.10

NpupaweHre 6a3nALHOCTH NO PEIYNLTETEM WIMBPEHUA YROBHA MUKPOCBHEM
B ropoaax Ynacyvas u Mypan

MyHKT HabnioaERWA 2

¥YnAacytain Cpeaxuis yposeHb
MC, nB
Mpupawerve
GannsHOCTK
CpeaHuit ypoBeHs
MC, ab
NpupaweHve , A 1,5¢0,3
GanNNLHOCTH

nposeaeHo CMP no aMNNMTyAHO-4acTOTHOMY METOAY aKYCTHYECKMX KECTKO-
cTe. B KaxAOM NyHKTe Benach TPEXKOMMNOHEHTHaA perucTpauna. fpoaon-
KUTENBLHOCTRE pervcTpaumu 10 muH. B KayecTBe Npumepa MOryT 6biTh PaccmoT-
peHbl U3MEPEHUA YPOBHEN B ropoaax YnscyTah u Mypan (puc. 5.22). N3amepa-
NUCb MBKCUManNbHbIA ¥ MUHUMAaNbHLIN YPOBHU 3a BpeMA peanu3auvn. o 3Tum
3HaYeHUAM ONpeaenAncA CPedHWA ypoBeHb, NO KOTOPOMY BENCA pacuer Npu-
pawerui 6annbHOCTH.

PacueT npupaweHdnih 6annbHOCTU M0 MWKpocecmam BeaeTcR obblMHO MO
gaipaxkeHuio {5.4) . [TOCTOAHHBIA KO3IMUUNEHT O 3a€Ct 3aBUCHUT OT PernoHans-
HBIX YCnoBuit 1 MOXKeT BbiTb YyCTAHOBNEH Ha ocHOBE AAHHLIX N0 MaKPOCEUC-
MUKE unu apyrux metogoB CMP. flockonbky AaHHbIX NO MaKpocencMuke
He BhINO, Mbl ONPeAenUnK ero NYTEeM CONOCTABMEHNA YPOBHEH MUKPOCBMCM 3a
anutensHoe Bpema {4—5 cyt) u 6annbHOCTLIO, ONPeAEneHHON NO BNM3KUM 3emne-
TPRCcEHUAM. B peaynbTarte 6b1n0 HangeHo ero anaveHue, pasHoe 1,6.0H0 B fanbHel-
WeM U VCnonb3oBanock Py pacyeTax NpUPalLeHni 6annbHOCTU NO KpaTKoBpe-
MeHHbIM 3anucAm. Tak xak yposeHs MC namepReTcA B geuubennax, 1o npu-
pawehve 6yper ONPEAENATLCA HENOCPEeACTBEHHO pazHWUEA YDOBHEW MEXAY
COfOCTABAAEMbIM M 3TANOHHBLIM IPYHTOM:

Al=1,6/20 (U; —Up) .

3aece U;, U, — yposeHb MC Ha UCCReayeMOM U 3TaNOHHOM  FPyHTax CooTBET- :
CTBEHHO. ,

B KauecTee 3TanoHHOro Bbi6paH B . YNACYTal rPyHT, COOTBETCTBYHOLWMUIA
NYHKTY HaBnoaeHnA 2 ¢ OTHoCcUTeNbHbIM ypoBHem Uy =1 aB, a B r. MypaH
nyHKT 1¢ Uy =10 86.

CpenHve YpOBHM MWKDOCEMCM W COOTBETCTBYHIWME NpUpaweHnA Banne-
HOCTK MpuBeaeHsl B Tabn. 5.10.

[nA BCex nccneayemMbiX y4acTKoB ONPeAENANCA TAKXKE CNeKTpanbHbiA COCTaB
MUK pokonebaHuii. 3TV AaHHbiE NO3BONUNM B NEPBOM NPUBNMIKEHUN OLEHWUTH
YaCTOTHbIE XapaKTepUCTUKU UCCAEAYEMbIX TFPYHTOB, @ TaKXe B HEKOTOPbIX
CNYYaAX KavyecTREHHO KfaccudmumnpoBaTh panoHupyemble Nnowanku ne popme
cnexkTpa. :

Mo AeCATUMMHYTHBIM 3aNUCAM ANA KaXKAOra NYHKTa HabniogeHuAa Gbinu
onpeAengHLl cnekTpbl cMeuleHnna konebaHnii rpyHTa. AHanusaTtop paboTan
B PEXUME 33aNOMWHAHWMA MAKCUMANLHOTO 3(PPEKTUBHOTO 3HAYEHVA NO Kax-
AoMy BUNLTPY HA NPOTAXEHWUM ANUTENBHOCTU 3aNUCK.

Bce nonyueHHble CREKTPbI MOXKHG YCHOBHO PasfenvTb Ha TPW rpynibi

| — 26Con0 AbIi MAKCUMYM NEXXMT B 06nacTn HU3IKNX YactoTr. Cnag cnekTpa
B CTOPOHY BbICOKUX 4acToT 4—6 nb/oKTaBa;
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:l:"e' 7 8 9 10 1 12

20 2 19 12 t5 9 10
16402 0 1,5:0.2 0.9+0,4 1,1:0,4 0,6+0,5 0,7+0,6
30 25 26 17 31 24 10

1,6:0,2 1,2¢0,6 1,3+0,6 0,6:0,2 1,7¢0,3 1,120,4 o]

|| — aBCONIOTHBIA MAaKCUMYM NEXUT B 06AaCTK BbICOKMX 4acTOT. Cnaa cnek-
Tpa B CTOPOHY HU3KUX YacToT 4—6 AB/okTaBa;

If] — ACHO BbIPAXKEHHOr O HAKJIOHA CrIEKTPa HeT.

Ha puc. 523,06 npuBeaeHbl 0Bo6LieHHbIE CNEKTPb! 1O pPe3ynbTatam W3-
MeEpeHUA B ropofax Ynacytad v Mypas. Ha GonewwuHcrse cnektpos oTMme-
yaeTcA ycuneHve xonebanuit Ha wactote 0,8 v 1,6 Tu. Bo BTOpPOH M TpeTheit
rpynnax CNeKTPOB MOXHO BbIAENNTL MaKCMMyMbl Ha 3—4 v 8 Tu.

ConoCTaRneHne CReKTPOB € WMHXEHEPHO-MeONOrMYeCKMMU AaHHBIMM  NOKa-
3pIBaer, yTo NepBas rPynna CreKTPOB OTHOCUTCA K CKanbHbIM FpyHTam, 3a-
neraliuM ¢ NOBEPXHOCTU unu Ha HeBonwwon rny6wde. Bropas rpynna cnek-
TPOB OTHOCWTCA K OBBOAHEHHLIM rPaBUAHO-TANEYHUKOBLIM FPyHTaMm, TpeTbA —
K HeoGBOAHEHHbIM FPYHTaM.

§.5. UCNONb3OBAHUE MUKPOKONEBAHUNA
ANA ONPELENEHWA NPEOBINTAOANWAX NEPUOAOB TPYHTA

B npeabiaywmnx pasgenax 6GbiNo NOKa3aHO oOnpeaenendMe CeNCMUYECKON
PeaKkuMM rpyHTOB, OCHGBAHHOE HA NPUMEHEHWW aBTOMaFMYECKOW annaparyphb
v CNeKTpansHoro pasnoxeHuA. Of/HAKO BO3MOXKHO YCNONb3OBaTh METOANKY
Habnioaennit, paspaboTaHHyio B Mucturyte ¢mankm 3emnu AH CCCP, B8 KoTo-
PO NpPeAnaraldTCA OLUEHKWM ABYX CEWCMUYECKWUX XapAaKTePUCTHK TPYHTOB!
npeoBnanaMx Nepnoaos v n3meHeHna 6annsHoctn (A/) [68].

B HacToRwem pasgene aaHo NpuaokeHne 3ToH METOANKU K CEACMUYECKOMY
MUK DOPANOHUPOBAHNI, BbINONHEHHOMY AnA Tepputopuun . Adywan6e. B 3b
NYHKTax ropoaa Guina MpuBeAeHa perucTpauna MUKpokonebaHuinl v onpegene-
Hbt npeoGnapatoiive Nepuofbl, KOTOopbie Havbonee OTYETIUMBO BbIAENANUCH
Ha 3anucy. PerucTpauus npousgofnnack AHeMm B TeyeHwe 3—4 4 no 150 ¢ B
KaxAoW TOYKe CO CKOPOCTHH Pa3BepTku okono 10 mm/c. AnnapaTtypa uenonb-
30RaNach LMPOKONONOCHaA ¢ Nosnocoit nponyckavua 0,07—1,0 ¢ v yeenuue-
Hvem nopaaka 10000—15000. [lBa ropusoHTanbHbIX AaTYNKE YCTaHaBIMBANMUCh
Ha NNOTHLI rpyHT No HanpasneHwis C—!0 n B—3. 3anuce Benace Npu OTCyT-
CTeun 8 pagaryce 150 M WUCTOYHWMKOB BO3BYXABHUA MUKpOKoneBaHWn.
NP1 HanMuKM uAN BO3HUKHOBEHUM KAKWX-NNMBO WCTOMHUKOB (BKMKOYAA U3Me-
HUBLIMECA rMAPOMETEOPONOrMY4eCKUe YCNOBMA) OTMEYanQoch BpemMA UX NOAB-
NEHWA 1 XapaKkTepuCTWka OCHOBHLIX NapameTpos. Ha nNonyueHHbLIX 3anUcAx
AnA obpaboTku awiaenmnauc, 4 y4acTka no 30 € ¢ HaMBONee YeTKO BbIPAXEHHbI-
MW U xapaKTepHbIMU Neprogamu ¥ amnIMTyAaMn. [INA KaXAOTO W3 HUX CTpOuU-
fack Kpusam nosTopRemocTu nepuoaoB n* (7;), ApeobpazoBaHHaR Kpuean
NoBTopremocTy nepuonos n* (T;), n* (T % =n; T;/At-100, rae At =30 c,

8. 3ak. 1667 113



Ta6bnuwua 511

CelttmuuecKine XapaKk TepUCTIKM FPYHTOS,

NONYMEHHDIE U3 3aNKUcen MUKPOoKOnebaknia 8 r. Aywanbe

pynna Tun rpyHTa 2:;:;;:; A max. MKM A/, Bastn Thp. ©
! 1 31 0.2 -0,7 0,18-0,22
2 9 0,27 -04 0.1; 012;
0,18-0,22
3 7 0,22 -06 0,18—0,27
4 33 017 -038 0,18-0,22
5 8 0,25 -0,5 0,18-0,27
6 20 0,1 -1.3 0,41; 0,5
7 10 0,2 -07 0,18-0,27
8 18 0.35 -0,2 0,1; 0.18
g 22 0,84 + 0,84 0.12; 0,18: 0,22
10 19 0,24 -05 0,27-0,33
1t 27 0,14 -10 0,27-0,33
Cpeanee snavenue 0,27 —-0,4; wuntepean nepuopos 0,17 —0,3¢c
H 1 32 0,44 0 0,18-0,27
2 16 0,39 -0,1 0.15-0,22
3 2 0,52 +0,2 0,22-033
4 21 0,45 0 0,22-0,41
8 24 0,22 -0,6 0,27-0,41
6 36 0,45 0 0,18—-0,27
7 25 0.77 + 0,5 0,15-0,27
8 40 0,68 + 04 0,18-0,27
9 4 0,66 + 0,4 0,12; 0.18; 0,22
10 35 0,41 -0.1 0.15; 0,22; 0,27
1 26 0.3 -03 0.18; 0,22; 0,27
12 5 0,73 + 04 0,18-0,27
13 28 0,42 0 0,18-0,27
14 23 0,49 + 0.1 0,18-0.27
Cpeanee 3navenne 0,48+0,1; uutepsan nepuosoe 0,14-0,3¢c
" 1 17 0,47 + 0,1 0,22-0,41
2 1 0,61 +0,3 0,1: 0,27--0,41
3 11 .69 + 04 0,18-0,41
4 29 0,75 + 05 0,18-0.,33
5 34 0,66 + 04 0,22-033
[ 13 0.8% + 0,6 0,15--0,22
7 6 0,7 + 04 0.22
8 15 0.8 + 03 0,27-0,41
9 3 0,51 + 0,1 0.27-0.41
10 12 0,41 —-0.1 0,22-0.41

Cpeawee anavenme 0,63+0,3; nurepsan nepuoaoe 0,17 —0,45¢

M onpeaenAnvce MaKCUManbHbple aMNNTyAb!.

OnpepaeneHue usmeHeHUA OBanNNbHOCTVM nposoavnaock no dopmyne (5.4).

AHanni Apou3soanncR  gnA
auanasoHa nepuogaos oT 0,09 ao 1,2 ¢. 3TOT AVaNasoH RenwICA Ha UHTEPBAnsI,
pasHoOMEpHble B norapudiMrueckom macwrabe. CpeaHee 3HaveHWe nepuopa
ANA TaKOrQ UHTEpBAaNa HA3BaHO Y3NORLIM, 7; €. Y3n0BbLIE NEPUOALI PA3AVHEIOTCA
mexay coboit Ha 20% v meHawTcA ot 0,1 40 0,93 ¢,

332 MaKCUManbHYd amanuTyay MukKpokonebaHwihi ANA paccMarTpuBagmMoro
OTpe3Kka 3anucu NpuHUManoch Haubonblwee cpeaHee 3HaveHWe ABYX aMNnNUTYA
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Ta6bnuua 5.12

MakpocoRcmuuecKoe obcnegosanue owyT IX 30MNETP v
JDara aemne- M A, kM | H, km f. G
TPRCEHUA | teppaca | |l Teppaca HI Teppaca
04 03 1949 1,7 250 300 4-45 445 5—6,5
2007 1949 7.4 190 16 5-55 5-5,6 6
27 02 1952 4,7 25 20 4,5--5,0 4,5-5,0 6,5-7,0
04 08 1953 4,0 17 8 2-3 2-3 4

0AHOTO wHTepBana nepuoaos. lpeobnaaarowme nepuoasl rpyHTOB ONpeaena-
AUCH C MOMOLLBI NPeoBpasoBaHHbIX KPUBbIX NOBTOPAEMOCTU nepuogos [68].
[\nA BblABNEHNA npep6nana»omwx NepUoAcE MPYHTOB WCMONBL3YIOTCA ABa Npu-
aHaka: nt% n W% (W — uacno pas, koraa npeoBnapaowmii Nepuos 0AHOro
ONbITa NPUXCAWTCA Ha ONPEAGNEHHBbIA Y3NOBOK Nepnoa, K obilemMy Yucay ofibl-
YoB) . KpnTepuu AnA onpefeneHvA npeoGnajaowiero nNepuoaa 8 OAHOM onbITe
CReayLMe: NepMoA MOXHO CuMTats npeobnapawwvm, ecnn n* 2= 15%, vnu,
ecnn npn 10% < n* < 15% 3tomy neplMoay COOTBETCTBYET MAKCUMAanbHaA
amnnuTyaa. MNpeoBnagalowmm Nepuoaom rpyHTa Cnegyer CHMTaTh TaKOW NePUOA,
ANA KOTOpOro fo verbipeM (vnu Gonee) oneitam n* > 10% v Npu 3TOM OTHO-
WeHWe 4ACna ONLITOB, B KOTOPbLIX MNpeobnanaiowui nepuoa NPUXOARWTCA Ha
OAMH M TOT e Y3N0BOW Nepuoi, K ofitlieMy yicay OfbITOB pasHo unu Bonee

0,5 (W4 > 50%) . ’

OcCHOBHOI HEAOCTaTOK 3TOro npuema — TpeboBaHME CTaHAZPTHOCTU YCNO-
BuiA HabGnoaeHWA. HeBO3MOXHOCTb B pAge CnyuaeB cobniogexnA NONHOR CTaH-
AAPTHOCTW YCNOBUW He NO3BONAET PeKOMEHAOBaTh U3MepPeHUA mUKpoxoneba-
HWt B Ka4yeCTBE CaMOCTOATENLHOTO MpUemMa ANA APOTHO3UPOBAHUA UIMEHEHUA
GannsHocTy A/.

MoXHO NpUBECTU HEKOTOpbIe HavBonee 4actTo BCTPEYalOLWMECA CRyYan Hapy-
WeHWA CTaHAAPTHOCTU YCNOBUA uamepeHuA: 1) ABUXKEHWe TpaHCNOpTa Ha pac-
CTORHUU meHee 150 M OT NYHKTa HabnoaeHuA; 2) npucyvcTeue B OTAeNbHbIX
panoHax WCCNeAOBaMWMA NOCTOAHHO AENCTBYIOWMX UCTOUHWMKOB MUKDOCEHCM —
BOAONaAbLl, MOpCKOM nNpuBoi m ap.; 3} pasHuua TMAPOMETECPONOrU4ecKuUX
YCNoaniA B MOMEHTLI NpOBEARHUA OTAENbHLIX ONeTOB; 4} nposeaexue cono-
CTaBNAEMbIX ONLITOB B OyAHUE M BOCKPECHbI® AHW, AHEM M HOYBIO, B LIYMHOM
KeHTPe N Ha OKpanHe U T.1,

WUccnefloBaHnA nNokaszanu, Y4To Ha Teppuropuu ropoda AywaHbe MOXHO
BbIAGNNTL TPK TUNa rpyHTOBLIX yYenosun {193].

1. Taneuwnmkn, BoIXOARWME Ha NOBEPXHOCTE MOWIHOCTBIO A0 B M, 4aCTM4HO
NOKPbITLIE néccamun, cnaratoT | Teppacy 1 vacts i1,

2. Néce mowHocTeie 0T 5 a0 20 M NOACTMNALTCA raneyHukamu. Pacnonara-
eTcA Ha vactu || Teppacel 1 vactu |11,

3. Nécc mowHocTeio 6onee 20 M 3aneraetT Ha BanyHHO-TaNEYHNKOBbLIX OT-
noxeHuax v nepexkpoisaet 11} Teppacy.

"B KayecTBe 3TafNOHHOW TOYKK BbiGpaHa celicMUuecKam craHuuA “[lywaH-
Be”, 17-meTpoBan Tomwa nécca, nepeKpoiBalowan ranewHuk (2-A rpynna).

B Tabn. 5.11 npuseneHwl celicmmyeckve XapakTepUCTUKU (PYHTOB B MyHK-
Tax perncrtpaumn muxkpokoneGanuii. 3aech BCE AaHHbIE Pa3AeneHsl Ha TpH
FRYANGLI No TUNOBLIM ycnoBUAM. Mbl pacCMOTPHM YCPeAHEHHLIE XapaKTepuCTH-
KU, TaK KaK He ANA BCeX NYHKTOB HABMIOAGHUA WMEIOTCHA yBepeHHbie faHHbIe
06 VHXEHEPHO-TEONOrMYECKUX YCNOBUAX. M3 3TOr0 CReayer, YTo MeXAy nepsoil
W TpeTLel rpynnol pasnuuve 8 MHTEHCMBHOCTW BO3AEWCTBUA cocTaBnAeT 1 Bann.
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Yto ke xacaeTcA npeoGnafalolnx NEpUofoB, TO pasnnuue MEHee Cyuye.
CTBEHHO: fNEPBaA ¥ BTOPAR rpynasl N0 3TOMY NAPAMETPY NOYTU He pas- |
NMY3IOTCR, @ ANA TpeTheid Fpynnel XapaxkTteped 6Bonee wWWpOKWA WHTepsap
nepvogos {0,17—0,45¢).

Ha tepputopun r. Aywanbe HEOAHOKPATHO NPOBOAUNOCH MAKPOCEACMU-
yeckoe oBCcnenoBaHWe OlWyYTUMbIX 3emneTpaceHui (83] (rabn. 5.12). Mogo6-
Hoe 06cnefoBaHWe NOKAa3anQ, YTO ANA PARAA OLLYTUMBIX 3€MNETPACEHWIA, pa3-
JIMNBIOLUXCA NO ANULEHTPANbHBIM PaCCTORHKUAM, MYBUHE U 3HepruM, Ha TpeTped
Teppace WMENo MECTC YBENNuYeHWE MHTEHCMBHOCTH BO3AEUCTBUA B CPegHem
Ha 1 Gann. 3TOT pe3ynNstar COrnacyeTcA C OUEHKAMMW, NMONYUEHHBIMU 10 MUKPO-
KoneGanuAm.

Mo VHCTPYMEHTANbHLIM AaHHLIM ANA 3eMAETPACEHWA TPETbeR Teppackl Gbino
NONYYEHO TaKXe Pe30HaHCHOEe YBENWueHWe aMnAUTYA YCKOPEHWH B MHTepsane
nepwonos 0,2—0,5¢ (83]. 3tor pesynsTar Takke COrNACYeTCRA ¢ MHTENBanoM
nepyuoaos rpyHtoe 0,17—0,45 ¢, NnonyyeHHbIM C NOMOLWBH MKKPOKONEBGaHnA
ana 3-ro yuacrxa.,

nasa 6

NPUMEHEHWE PACHETHbIX METOAOB
B CEACMWYECKOM MWKPOPAAOHWUPOBAHUK

B 33pavax MWKPOCERCMOPANOHUPOBAHUA MOTYT BbiTb WCNOMNb30BaHLI Pas3-
NMYHBIE PACHETHbIE METOAb), NO3BONAKOLINE NPUBNKIKEHHO OUEHUTL BO3MOXKHbBIE
pe30HaHCHbIe Mepuolbl FPYHTA U BYA, DXUAAEMBIX aKcerneporpaMm, B vacrHocTy,
KOrAa B Cpege ¥MEIOTCR YETKO BbiPaXKeHHbIe KBAa3nrOpU3OHTanbHble MPaHKLLbI
(HanpuMep, KpPOBNA CKANbHBLIX NOPOA, YPOBEHs TPYHTOBLIX BOA, 3€PKano BeY-
HOW MEp3N0Thi}, Pa3AenNALLAE NOPOAbI, CYLWECTBEHHO OTAKYAIOWMECA NO CBOUM
MEeXaHWU4eCKMM CBOVWCTBAM, ANA OUEHKM PE30HAHCHBIX NepuojOB TPYHTa U BUAA
aKCeneporpaMm LWMPGKO WUCNONb3yeTCA npubnuweHHbt Metoa (206, 153].
3TOT MeTod NO3IBONAET PACCYMTHIBATE CMELLLIEHNA (CNeKTpanbHble XapaKTepPUCTH-
K1 M aKceneporpaMMel} Ha CBOBOAHOW NOBEPXHOCTM U BO BHYTPEHHWUX TOUK3X,
cnoucToid, cnabo nornowawed cpelbl QNA NPOW3BONLHOIG YFN3 NafeHwA
nnockon BonaHe! P, SV unu SH Ha nogoWBY CnoncTon Nayukw,

6.1, PACMET KONEBAHUAW HA CBOGOAHOMA MOBEPXHOCTH
U BO BHYTPEHHUX TOYKAX
FOPU3QHTANMBHO-CAOUCTONO NMOrMOWAWETO FPYHTA

PaccmaTpueaeTcA ABYMepPHaA 3a4a4a O PacnpoCTPaHEHMM NAOCKKU X 0 BbEeMHBIX
BonH B crnouctor cnabo nornowarowen nadke co ceOBOAHON NOBEPXHOCTLIO,
nexawed Ha ynpyrom nonynpoctpaHcTBe. M3 ynpyroro oaHopoaHoro nony-
MIPOCTPAHCTBA HA HUXKHIOKID FPaHvuuy Naukv Nagaet noh ApPoM3BONLHLIM YINOM
/ NNOCKAaR rapMoHUYecKan BonHa P unmu SV ¢ eaMMU4HOK aMnnnTyaon cMeweHnA
M 33RaHHON YacTOTOW . BbluMCNAOTCA aMnNnuTyabl U hasb! BepTMKaNbLHOM W
pagvanbHON KOMMOHEHT CMELWEHUA HA BePXHed rpaHnLe U BO BHYTPEHHUX TON-
®ax cnabo NOrAOWAIOULIEN CROUCTOR CPefbl, a TakKe aMNAMTY bl v dadsl KoId-
thUumeHToB OTPaxeHNA NNockux BoNH £ 1 SV o1 BHYTPeHHUX rpatuu. B cnyuae,
KOrfaa najalowan nrocKan BOMHA MMEET BUA WMNYNbCA 3agaHHoN (opmbt, pe-
WaeTCA COQTBETCTBYIOUWIEA HECTaUWOHApHAA 3afaya ¥ ONpPeaensioTCA CencMOo-
rpammel (akceneporpaMmel} Ha NOBEPXHOCTIA CAOWCTON MAYKHU,
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AfFOPMTM PacyeTa OCHOBAH Ha NpeanoxeHHon TomcoHom (224} pexyppet-

Hoit MaTPMUHOA OPMYNE, CBA3LIBAIOLIEH CMEUIEHNA U HANPAMEHWA Ha Npou3-
‘gonpHbIX FpaHALax ynpyrux rinoea B Cnyvae WAeansHO ynpyrov cpeas:. MNocne-
poBatenbHoe NpUMeHervie aTon hopMynbl CBOAMT 33A8a4Y K PELUEHUIO CUCTEMBI
[MHERHBIX YPABHEHWA C YeTHIPbMA HEW3BECTHLIMA (CMELBHWAMU Ha noBepx-
HOCTW MY 80 BHYTPEHHEA TOUYKE CNOUCTONH CpPelbl U KodddmuneHTaMu oTpaxe-
HWA BONH B NONYNPOCTPaHCTBE) .

370T anropuTM 0B0bWweH Ha chyvad cnabornornowaoumx ynpyrux cpea. B
cBR3M C TEM, 4TO MOFNOUIBIOWME CBOMCTBA FOPHLIX NOPOA U3YYEHb! B 3HaWMTent
HO MeHblieiA CTENEHW ¥ C MeHblleid HaflgKHOCTHIO, YeM CKOPOCTHbIe, T. €, He
YCTAHOBAEBHO HAAEKHBIX IKCNEPUMEHTaNbHLIX 3ABACAMOCTEN NEKPeMEHTOB
NOTAOWEHUA 0T YACTOTbI, NUTOROTHW, MOPUCTOCTY U FNYGKUHBI 3aneraHva nopoa,
NPy PacyeTax MOryT BbiTh MCNONb30BaHL! PasMMiHbie MORENW MEXanM3ma no-
rnoweHUA B cpefe. YacTo NnpeanonaraeTcR NMHeNHaA 3aBUCU MOCTb KoatduumeH-
1a NOrNOWEHWA OT YAacTOThl UMK 338BUCMMOCTb, ONVICLIBAEMAA NVHENHO-HeYNpYy-
ron mogensio M. Typesuya [41],

3ra mogens nornoulaowen cpeasl obnagaeT cneayown M 0coBeHHOCTAMU

1} 8 fipefenax PacCMaTpMBaeMOro AMaNasoHa HacTOT CKOPOCTH U AeKpeMeH-
Thl NOrNOLWEHVA PACTyT € POCTOM YaCTOThI;

2} BO3pacTaHne AEKPEeMEHTOB NOFAOLIEHUA € “acToTok BeCerpa Gonbwe
BO3PACTaHWA COOTBETCTBYIOLMX CKOPOCTeA (OTHOCMTENbHO MX 3HAYEHUA Ha
ONOPHON YacToTe) ; ‘

3} oTHoweHWe AeKPEMEHTOB NOrAoUIEHUA NPOAONEHBIX U NONePeYHbIX BONH
ANA 33A3HHOTO OTHOWEHWA CKOPOCTEN He MOXeT BbITh NPOU3BONBHLIM, 8 3aKNI0-
YgHO B HEKOTOPbIX fPeAENax, 3aBUCALLM X OT BeNuMHLl Vy/ Vs,

4) ecnn Ha Kakon-HnByab YacToTe AeKpeMeHTsl NornoweHWA BonH P u S oau-
HAKOBb!, TO OHW OAMHAKOBEI HA BCEX YacTOTax.

YA06HO BBOAMTH NOFAOWEHWE MPW pacueTax CNexTPOB CEMCMIYECKUX BOMH,
3aMEHAR OQENCTBUTENLHbIE YNPYTME MOAYNM CPeAbl KOMMNNEKCHbIMM YacTOTHO-
3aBUCMMbIMY BYHKUMAMU, BCNeACTBME 3TOTO KCTHUHHbIE U KaXKYLUMECA CKOPOCTH
CEACMUYECKNX BOMIH WU BONHOBbLIE “MCNA TAKKe CTAHOBATCA KOMNAEKCHbIMU
DYHKUMAMY 4aCTOTh! 2

I =Vl w) - infwlw),

rae Vp ¢ (w) — dazoBan ckopocTe rapMoHKUueckon BonHsl P uau SV, a n{w) —
MPOCTPAHCTEEHHBIN  KOIPPUUNEHT OTAOWEHAR COOTBETCTBYIOWEH BOMHbI,

33BUMCUMOCTb (ha30BOM CKOPOCTHU OT YacTOThl (aMCnepcwA CKOPOCTen) onpe-
AefReTCA BuIGPaHHBIM 3aKOHOM M3MEHEHWA NMOFNOLEHMA C 4acTOTol. B cnyuae,
KOrga B W3yyaeMOM AManNasoHe 4acToT KO3MMUUMEHT NornoLeHun MaMeHReTCA
NO CTENEHHOMY 3aKOHY N = Uw™, rge uu n - ALUCTBUTENbHbIE KOHCTaHThI, U3
aucneponoHHoro cooTHowernA [139] BbiTekaeT cneaylowWwan 3aBUuCMMOCTb
CKOPOCTW OT 43CTOTHI:

V) = VT w1+ 1 V (wo) £ lw, n)],

rae £{w, n) = ("1 — WE™1) tgnm/2; Wy — oNOpHaR wacTOTa BHYTY ayyae-
MOro avanasoHa. Mpu n—> 1 £ (w, 1) =--2/1 In w/wy. B mogenu I".U. T'ypesuya
[41] 3aBUCMMOCTH AeKPEMEHTOR NOrNOLIEHNA {Ag) v ckopocTeit (V)  nonepeu-
HbIX BOfIH OT 4aCTOTHI ONPeAenATCR Cneaytowy M hopMynamu

As(wo)

Aglw) = .
2As(w0) w
— In

71'2 Wo

117



Vil = Vi (wo W Aglw)/Agleg )

3nech WK Wq —~ KPYroBble 4acToTs (Tekywan v onopHan) , a A (wy), Vi lwy) — 3
3HaveHue AeKPEMEHTa MOTrNOWEHWMA ¥ CKOPOCTA NOMNEPeUHbIX BOSIH Ha ON0 PHOR
HacToTe (Wy. AHANAMMYHLIE QOPMYNLI NofyueHbl ARA CKOPOCTEN 1 ABKpPEMEHToR
NOrnouwEeHMA NPOACHbHLIX BonH [119] .

AnR BbinonHeHWA BbIYACHEHWA MOJEnb CPebl 3343eTCA CNEAYIOMM obpa-
30M. CNOAM HEYRPYFOW Maykn NPUCBaMBalOTCA WHaexch 1,2, .., 17, ynpyromy

NONYNPOCTPAHCTBY — MHAEKC N1 + 1. MPOM3BOAbHLIA M- CNON XapaK TepuiyeTcr
CReaAyWUMM NapaMeTpamMn: MOLLHOCTLH £,,, NAOTHOCTLH 0, M KOMNNEKCHbI-
MU MaCTOTHQ-33aBUCUMBIMK CKODOCTRMIA DACMPOCTPAHEeHUA NPOLONAbHLIX U NO-
nepeunbix BonH V), n Vi Cmewenna Ha cBoboAHON NOBEPXHOCTM CROVMCTOH
NAUYKKN, BOIHNKIIOWNE NP NaAEHWY NNOCKOW BOIHbI P uam S Ha ee nonomsv,
onpepenarnTea dopmynamu

2!‘;/’””’ 2(;’[,”_“
Wp] = Caai W] =~
2rVSnH 2”/5 n+i
[Ugl =T6122 [Wsl :-—'Z
A= Cll.cl2
Cay Cag

Cn Tpne1 911 — 921,
Cr2 =1y, , 41912 — 922,
Coy =1y 01921 — 831,

Caz =ryg, 1941 — 932,

1 1 1
oem=— /=5 =V Rervp, >0ecau — =V,
Om va v
tmryp, <0 ecnn — <Vp,,
- v
1
Rervg >0,ecnu — 2 Vg,
SN )
1
tatvg, <0.ecnn " < Vs
v=siniy, /Vp s
|1, ecrm 1/Vpy, = p, _{1,ecm1/Vs, 2v,
Qm =3 Bm =1
i, ecnn 1/Vp,, <y, | i, ecrn 1WVWsm <w:
Fix — INEMEHTH! KOMITAEKCHON M3TpULs!
G =L"+i 6 =Ln+| Dn Dn U EPITOPPRON D] .
Lp+1 — MATPMLA NONYNPOCTPEHCTBA, NMEIOWLAA CREAY WM BUA:
2 V§n+ 1 v [ 1
Lyvi= |——r 0 - -0
VPn+1 Pn+1 anq-l
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(1 = Yn+1)aney Voyey
0 — 0
VPui1 p"“'lVPrH»l
h’ntl"”ﬁrﬁl 0 v6n+l
Lpvi=|———m—m "7—_" 0
Pn+1an+1 Sn-i-lp""‘l 1
0 2Vg . v 0 SR
ntl Vs, Pr+1

3a6Ch Gy W B ONPEAENEHB! N0 HOPMYNAM, NOKAIAHHLIM Bbile; Dy — MaTPMLa
CROA € aNeMEHTaMK d; (MHAEKCH!I ANR NPOCTOTH 3aNWCM HUXKE OMYWEHBI, ANA
yao6cTea BBEAEHBI CNeAyioume 0G03HaYeHHA:

cosip = cosP, sinip =sinP, cosig = cos$S u sinig =sinS):
dyy =7 c0sP ~ (y — 1} cosS;

-~ 1)y Yr
dys =7 o sinP + —23sins ;
er 14

14
d13 = - (COSP— COSS),
P

if
dya=— | ——sinP+ry sinS|;
prv,

. 1y, ly-1»
day =—i[-—-"sinP+ sinS
v er

d27 = {1 —v)cosP + ¥ cosS;

i ) v
dyy =~ v, sinP + — sinS|;

p rv,
fy—1
da; =p 7—7———-(005/’—00385;
v v
ty—1?2 *r
di, =ip[ U sinP + 72‘/’ sinS [;
er 4
T a2 . 2
, r (y-1)
dyy =ip ZTVE sinP + Y sinS];
v rvg .

O26 =dy3,d33 =dy3;d34 =d13:0ay =031:ds3 =0y, das =dy.

AnA nonyvenun cmewleHni BO BHYTPeHHMX TOYKAX CPEAb! B Pa3pes BBOANTCR
$PUKTUBHAR rpaHuua Z,, =H;, no o6e CTOPOHLI KOTOPOW PacnonNOMXeHbl OANHE-
KoBbie o napamerpam cnov, KOMMOHEHTb!I CMellieHnit 8 3TOM Ciy4ae onpee-
pATCA hopmynamu

Up,s(-Hg) =8, 1 ‘[Up"y] +8,, b[wp,s] ¢
Wo,s{—H)) =8, [Up ol +8,; (W, 4],

Wpsl w [Wp 5] ~ cootReTcTBYIOLME KOMNOHEHTLI CMEWEHUA HA CBOBOAHON

NoBepxHOCTH, a ;7 — anemenTsl MaTpuup § =0; ... 0. 119



KoadihnimeHT sl OTpaXkeHWA OT ROAOWBL!I CNOUCTON RAYKW NPU  NageHuy
BONHLI £ unk S MOryT BbITh BbipaXKeHs! B Creaytoue M Buae:

kpp =g 1 {Upl +g1, [Wp] —1;
Kps=ga [Up] +gq2 Wyl . ;
Ksp =11 [Us] +g15 Ws); 5
Kss =Ga1 [Usl +ga, WG] — 1. 3

B cnywae, ecrv 3anaHa hopmMa umnynbea cMewenna V {t) nagaowen BonHe,
MOTYT 6bITb PACCYMTaHbI CEMCMOrPaMME! KOMMOHEHT cMelennin Uy ¢ (t), Wy, ,(t)
B 3aaHHOM WHTepBane t:

1 Wi - ,
Up stt) = — Re [ F{w)Uy,,l et §w,
T 0

. 1 “k — iwt
W, slt) = ; Reg FlW,sle Sw,

TAe 8w — war no 4acToTe NpM pacueTe CNEKTPaNbHLIX XaPaKTepucTuK; F {w)=
to+T i
=f Vi) el dt; t, — BpemRA BCTYNMEHUA; T — AMUTENBHOCTE WMIYNLCa,
0

YucnerHoe npeobpaiosaHue Dypue NPUXOAVTCA NPUMEHATL K CNEKTPaNnbHLIM - 3
PYHKUMAM, 334aHHBIM B KOHeuHoM unTepsane vactor 0 < w < wy cBoOUMKM -
3HAYEHWAMMU B AUCKPETHLIX TOUKax. BuiBop w, onpeaenAeTCA ycroBnAMY 3apadu
TaK, wToBbt Max [F (W) 1y, < wee €max [F (W) lo<w<wy- TIPaKkTMYECKN TaKaR
yacToTa Wy BCeraa cyuiectsyei bOnarogapR orpakM4eHHOCTM CrieKTpaneHoro
COCTaBa U3NYYEHNA WCTOYHUKE, OFPaHMYEHHOCTH MONOCHI NPOMYCKAaHWA NPUEM-
HAKA, HanMwslo nornouweHuA B cpede. VIHTerpvpoBaHMe OCYLLECTBNRETCA C
NOCToAMKBLIM Warom . MpasunsHpit BstBop Jw oveHb gaxeH. Kak cnegyet
M3 TeOpuM CNEKTPanbHbiX NPeoBPa3OBaHUN ANCKPETHG 338aHHLIX YHKUWA,
8w ROMKHO NOAYMHATLCA HepaBeHCTBY 6w KT tyay, TOE fmax — MOMEHT
BPEMEHW HA CeACMOTpaMMax, noche KoOToporo aMmiMTyaa KOoneGaHni HUYTOX:-
HO Mana MO CPaBHEHWIO C MaKOMManbHOW. ECAK 3TO YCNOBUE HE BbINONHEHO, .
T. €. CUTHaN He ONMCaH C AOCTAaTOYHOW AETANLHOCTLID, TO MPON3OHAET HaNOKeHne
fonee NO3AHMX Y4YaCTKOB CeACMOrPaMM Ha PacueTHbIl MHTepBan COTNACHO -

dopmyne

~ o0
Viel=Z Vit+t, +jAtN),
z=0
rae V {t) —ucmnHan ceiicmorpamma, a V {t) — peaynerar pacvera,

Ha ocHoBaHUW OMWCaHHOTO BbILIE aNrOPUTMa COCTABNEHa NPorpamMma pacyeTa
CNeXTPanbHbiX XapaKTepUCTUK M HECTaUMOHapHbIX CerCMOrpaMm KofnebaHui
HAa MOBEPXHOCTY U BO BHYTPEHHUX TOYKEX TOHKOCHOUCTON NOTROWaIoWeil cpe-
abl. Tiporpamma HanucaHa Ha A3bike Poprpan-I1V u MOXeT 6bITb UCNONL308aHA
Ha IBM.

HecTaunoHapHbie CeiicMOrpaMMbl PacCYMTLIBAOTCA C NOMOULLIC anropuTMa
6bicTporo npeobpasosavnAa ®ypee (BMND) . BxoaHbIMK AdHHBIM NPOrpPaMMbl
ABMAKTCA napaMeTpbl Moaemn (Vp,,, Vgn, AOpy, Agm — Ha 3aaaHHON onop-
HOW 4acToTe Wy, P, My ), KOA NEBAAIOUIEN BONHBI, AKANA30H PACYETHLIX YaCTOT,
Tabnnua KaXxywuxcs CkopocTeid. BbiXxOAHble AaHHbie BapbUpyKITCA B 3aBUCH-
MOCTH OT peltiaéMol 3afa4u: CneKTpanbHble XapaKTepMCTMKK U aKceneporpaM-
MbI Ha CBOBOLHOK NOBEPXHOCTU M BO BHYTPEHHUX TOUKAX, NMMBO CnexTpansHbie
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XapaKTEPUCTAKM ¥ GKCENEPOTPaMMb! Ha cBOBOANHOA NOBEPXHOCTH M KO3bdM-
UUeHTbl OTPAXEHWRA OT CrOWUCTOW NaYKW. CneKTpanbHple XapaKTEPMCTUKU ANA
3343HHOTO YIN3 NPEACTaBNRWTCA B BUAE MACCMBA 3HaUBHWR WX Moayreid #
apryMEHTOB ANA BCEX PACcUeTHbIX 3HAYEHWI YacTOTbi BHYTPH 33A3HHOTO UMTEP-

Bana.

62. ANrOPUTM PEWEHUA NMPAMOM W OBPATHOW 3AAQAM
NP BEPTUKANBHOM NAAREHWU BONH HA NOACWBY CAOUCTOA NAUKY

NpAmar 3a4aya MHXeHepHoW ceiicmonorwy [104, 215] chopmynuposara
creayrlowmM 06pasoM: ANA 33AGHHOV 33KOHOMEPHOCTH ABWKEHWA YaCTWL KO-
penon nopoast Wy () onpedenAeTcA 3aKOHOMEPHOCTb ABWXKEHWA YacTWU Ha
nosepxHocTH 3eMan  Wp (t). Moaene WHXeHepHO-rEONOMMYECKUX YCnoBHi
ApeAcTaBNAET COBGON MHOTOCROMHYIO MIYHTOBYIO TONUWY € FOPM3OHTANbHBIMU
rpanuuamu pazaena (puc. 6.1},

B kauecrae WAL npu peuieHuv NPAMON 3343w UCNOAL3YETCA OCUMAAOrpaMma
{ceficMOFpamma, BENOCUIrPaMMa UNW aKceneporpamMmma) CeMCMUYECKORO ABMKe-
HUA ABUKEHUA CKaNbHOTO OCHOBAHUA.

Ans nosAcHeHnA NOCNEAOBATENLHOCTU PELUEHVA NPAMON 334a4M CEHCMUYEC-
Knx KoneBaHUin TPYHTOBOW ToNww Ha puc. 6.1 cxemMam4HO NpeacTasneHa Bon-
HOBBA KapTuHa ANA NPOW3BONLHOFO MOMEHTA BpeMeHn t B DaccMaTpPuBaeMoit
'MHOrOCROWHONA cpeae. 3aeck NPUHATL! cneayloume o603HaveHUR

W;.‘(t) - 3HaueHWe BONHOBOW -DYHKUUW B MOMEHT BPEMEHW { H3 YypoBHe
Kposnn j-ro cnoms; Vg — CKOPOCTh PacripocTPaHeMMA nomnepeyHoik BOMHLI B
f-M cnoe; p; — NNOTHOCTb MaTeprana/j-ro CnoR; /M — MOLKHOCTL /-crioA, Bonwo-
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P4 c, 6.2. Akceneporpamma, 3anucaHHan 8 Faznn (2-KoMnoxenTa)
8 ~ Ha MAFKOM rpyHTE U § — COOTBETCTBYIOWMA €A AMNNUTYAHO-YBCTOTHLIA CNEKTD
dypee; 8 — ANA CKaNbHOO OCHOBAHWA M 2 — AMMIMTYAHO-MACTOTHLIN GNexTp Dypobe

BaA (PYHKUWA Y KPOBNW j-fO CNOA B MOMEHT BPEMEHM ¢ ONPeJenAeTcA Ceayto:
el PeKYPPEeHTHOW 3aB81MCUMOCTBIO:

WO =a;_ WS it~ 7) + 8 [ =1 W - 1), (6.1)

rae Ozj_l,j - Koad)d)MuMEHT MPeNoOMAEHUA NPU NPOXOXKAEHUA BOMHL! M3 ChORA
j—18 j-H Cnow; B,, i = 1~ koahdmunent OTPaXeHUA BOMHBI HA FPaHiLe MeXAY
cnoAMu f — 1 v f; W!.‘_f | — 3HaueHue BONHOBOW MYHKUUM B MOMEHT BpemMeHn

t —7j—1 Ha ypOBHE KpPOBAM cnoA j — 1; Wn — 3HavYeHVe BONHOBOW HYHKUMA 8

MOMEHT BpeMeri t — T; Ha YpOBHe I’IOAOU.IBI:I f-ro cnon; T; — Bpema npofera
BONHb) Yepe3 j+i cnoii. KoadihuuvenTts! a v § anpegenawtcs no opmynam

1,7 = 20iVsilpj—1Vsj—1 + P Vs
Bij—1 = Vsipj — Vsj_10i—1/Vspi + ijﬁllfJ""l'
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B passepryToM suge ana n cnoes 33BucuMoctb (6.1) npeacrasnneTcA Tak:

=wiit-m),
=y (Wit~ 1)+ 5y 2 WlE~11);
=0 ,Whit = 1)+ WElE—T2),

=o3 Wt — 73) + P2 aWS 6 — 72}

.................................................

S0y, nwx (t-—T,,_l)*'ﬁ,, n_lwg(f—’l’n),

=Qpa g, n W E) + Bp, nr1t Whit — Tn).
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3HaveHue BONHOBOW hYHKLMM Ha yPOBHE Z; OT NOAOWBSI j-r0 CNOA onpege-
NAEGTCA BbIPaKEeHUEM:

z~ n._z.
W?i(t}=WT'(t—~’)+W."(t- ! ').
i j v j

sf sj

COBOKYNHOCTL TAaKUX YpaBHEHWIA, 3aNWCaHHbIX ANA KaXQOfo CNOA MHOTrO-
CNOVHON TPYHRTOBOIW TONWW, faeT antopuTM pelernn NPRMOIA 3a4au nHXeHep-
HOW CerncMOonNornn.

O6patHan 3agava (104, 129] pacuera ceiicMU4ecKuXx KoneBauuit MHOrOCAOMA-
HO! TPYHIOBOW TONWM BKMHUYAET OnNpegenceHne 3aKOHOMEPHOCTU ABUXEHWUA
4acTUY, KOPeHHoW nopoast W, (¢) npu 3agaHHOW 3aKOHOMEPHOCTU ABU>KEHUA
4acTUU NOBEPXHOCTU-3eMnu Wx (t) {puc. 6.1) .

flpu pewennn 3TOW 334341 BbIYMCNEHWA NPOV3BOARTCA NO CheAyioWMM dop-
MYynam: v -

wsie) = 1/2 Wgtt),

W) =Wt +1q),

Wiie) = 1—[w§'(t+rz)_ﬁl,2w"(t~f, r1)],
®2,1

WSty =y oWS (E—10) + B 1 WE(t —73),

1
Wilt)= —— WS (t+713) — B sWhit — 15 +11)], 6.3)
o3 2

P I R B T R I Ve e e DR R e e e e e .

Wi =oj_q, Wi t— 1 1)+ B WHE— 1)),

wo (e} =

1 [W?(2+Tj+1)'“ﬁ,',;ﬂW;-‘(t-T,'*T;'H”.

Qj+1,j

W ) =an—1,nW§_1(t_Tn—l)"'ﬁn,n—lwl,: {t — 1},

1
Wilt) = ————— [WS{E) — B st WSt — 7).

nt+tl,n

CootHowenne {6.3) nonyvaeTcA HekoTopbIM NpeobpasosBarnem (6.2) .

Breiwvcnue no NpUBeAeHHLIM OPMYyNnaM QCUMANCTPaMMy anA 3aAaHHOM
TOUKM MOJENU FPYHTOBOW Cpeabs, MO TOW Ke NporpaMMe MOXKHO BbIWICNKTL
SMNINTYAHO-YACTOTHBIA UAKU  (Pa30BO-4aCTOTHLIA CNEKTP 3TOK ocunnnorpam:
Ml [45].

OnucatHeI BhilWe BbIYMCAWTENbHLIA anfOPUTM B NPOrpamMme peanuayerch
C MCNONbL30BaHUEM ABYMEPHOIO MaccuBa A, B KOTOPOM YKCHO CTPOK PABHO 4MC-
Yy CnoeB, a YiCNo CTONBUOB ~ KONMYECTBY MOMEHTOB BpeMeHW, ASA KOTOPRLIX
fIPOU3BOAWTCA BbIYACAEHUE 3HIYEHWH BONHOBON ¢yHKuun. TakuM o6pa3om,
Kaxkablh cTonbey Takou MaTpuubl OTPAaXKaeT BOJHOBYIO KapTUHY B MHOIQCNon-
HOW cpede ANTA KOHKPETHOrO MOMEHTa BpemeHn ¢.

AnA onTUManbLHOro UCNONL3OBaHUA oOnepatMBHOW nNamATU 3BM B Bhiuncnu-
TEALHOW  MPOrpamMe WUCNONb3YETCA PEKYPPEHTHLIA XapakTep BhipaXeHUW
{5.2) 1 (6.3}. N3 aTuxX 3aBUCUMOCTEH BMAHO, 4TC ANA ONpPeAeneHnA BONHOBON
KapTuHbl B MOMEHT BpPeMeHM t HeoBX0AWMMO WMeTh pe3yNsTaThl NpeablayLluX
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BbIMMCIIEHWA, HAYMHEA OT MOMEHTa BpPEMeHM t — T..., TAe Th,x = Max (7,
Ty, T3, ..., Tp) . CREQOBaTENBHO, ANA BbINUCNEHWA 3HAYEHWA BONHOBOW (yHKLMM,
COOTBETCTBYHOLUEIH MOMEHTY BpEMEHU t, HeOEXOAUMO COXPaHNTL B Matpuue A
TONLKO cTonbubl, COOTBETCTBYIOWME ITUM MOMEHTAM BpeMeHn, T.e. 4OCTaToY-
HO COXPaHUTL MaTPULy A C pPa3MepHOCTLIO 1 X Nt, TAE /1 — YACNO CNoes.

B kauecte npuMepa NpUMeHEHUA ONUCAHHOIO Bbitug aNTOPUTMA MOXET BbiTk
paccMoTpeHa akceneporpamma Maznuitckoro 3aemnevpaceHnA oT 14 man 1976 .
BeprukansHas komnoHeHTa {puc. 6.2, a) ¢ ee amMnNAMTYAHO-4ACTOTHLIM CNeKT-
pom ®ypbe (puc. 6.2, 6}, 3aNUCaHHAA WHCTPYMEHTANLHO HA MAFKOM FpyHTe
¥ NepecynTaHHaA MO U3NOXKEHHOR METOAWKE HAa CKanLHOM OCHOBAHWM, — aKce-
neporpamma 100 e 3emnerpAceHuA (puc. 6.2, ¢) ¢ ee amMnauTyaHO-4acTOT-
HbiM ciekTpom Pypee (puc. 6.2, 2) .

6.3. CEAICMUMECKAR PEAKLWA
ABYMEPHO-HEOAHOPOAHLIX NMOrNOWARUKUX CTPYKTYP

B cnyuae, Koraa ropua0HTankHaA HeOAHOROAHOCTL CPeAbl 3HAYMTENbHA, ge
HeO6X0AMMO YUATbIBaTh NpPW COCTaBfEHW MOAENU cpeabl. Bnvauune reonoru-
YECKOW CTPYKTYPbl Ha XapakTep CeMCMMYECKMX KONeBaHW! OMUCuLIBAETCA Npw
fIOMOLLUM UMNYNBCHON Y YaCTOTHOW XaPaKTepPUCTUKU CTPYKTYPbl. UMnynbechar
XapaKTepueTuKa U (x, z, t) onpejenAeTcA KaK CeicMMYECKOe ABYMEPHOE ABUKeE-
HUe CTPYKTYpbi. B gBymepHOM NOCTaHOBKE X — FOPWM3CHTaneHaA KOOPAWHaTa,
Z — ray6uHa, t — BpeMA. YacTOTHAA Xapak TepucTUKa cTPYKTY Pl ONpenenAeTcA
npu nomowm npeobpazoranun Pypee U (x, z, f} = F{U{x, z, t) }, rae f — vacTo-
Ta. Mogyns 4acTOTHoW xapaKrtepuctukn (Uix, z, f)l = A(x, z, f) npeacTagnaer
cobor amnNAMTYQY rapMOHUHECKUX KOneGaHuW CTPYKTYPbl NpW EAVHMYHOM,
HE3aBUCALLIEM OT YacToThl BO3ByxaeHna Ay idf) = 1.

C nomowwto Ulx, z, t), U{x, z, f} nerko paccuMTeiBaeTCA CEMCMUYECKER pe-
aKumA cTpyKTypsl Six, Z, t) npu nwGoON BpeMeHHON 3aBUCUMOCTH CeCMUvec-
KOro BO36yXaeHuA V(t), ecnv ata 3aBUCMMOCTL M3BECTHA (Hanpumep, 13 cew-
CMUYECKUX M3MEPRHUI Ha BhIXOAE CKANbLHOro HyHAaMeHTa, BAW U3 paceToB
nafarllen cHU3Y cencmMuYeckon BonHel) . Ha camom aene, Six, z, t) = Ulx, z, t) *
* V{t), rae * o6o3mavaeT cBepTKy. Ha npakTtuke pacueT oBbIYHO ocywecTsna-
eTCA B 4acTOTHOW oBnacTh, T.e.

Sl 2,8} =F S, 2z, A) = F YU x, 2, A VALV (A =F V).

TeopeTuvecKUe pacHeTbi CEBCMUYECKOW peakuuM Cpeabl B 3TMX CNYUYaAX MOX-
HO NMPOBOANTHL METOAOM KOHBUYHbIX Pa3HOCTER, KOTOPLIM 06M1afaeT NO CPABHEHUIO
C APYIAM#U PacuHeTHbIMK MeTOAé'MM KaK MHOTMMUW NperMyuLlecTBaMin, TakK 1 MHO-
UMyt orpaHnieHnAM, OrpaHiiueHnA CBA3aHbI, HaNPUMMep, C YCNEHHON NoTpew-
HOCTBIO METOAA B 33BMCUMOCTUW OT CeTOHHBIX Wwaros Ax, Az, At v apyrux akTo-
pos [74, 185] .

B 3agauax CEMCMUYECKOrO MWUKPOPaNOHMPOBAHWA, Kak NpaBuna, oNNCaHHbIN
MeToA ABMARETCR MhPEKTUBHLIM, TaK KakK pazMep u3yuyaeMbiX CTPYKTYp He
npeebiwaeT O6bIYHO HECKONbKO ANMH BOAH. B atom cnyvae Heobxoanmbin
o61eM NaMATH MalluWHbLl M BPEeMA PacueTa He ABMRIOTCA CNUWKOM Gonsiimmm.
McroneayeTcA ABHaA OAHOPOAHAR CXeMa Ha KBaapaTHow cevike. B pamnon pa-
60Te M3-3a 3IKOHOMUM NaMATA MaLMHBI U PACYETHOrD BpeMeHU pacyeTwbl NpoBe-
AeHbl toneko anA BonH SH npyn nomoww nporpammsr LATER u ANELAS
Ha ®QoprpaHe. MonHbIA TEKCT NporpamMm onybnukosad B [74], rae nmeertca
Tak>e NoApoGHOoe ONUcaHue PacHeTHOro MeToAa.

B oTnuuue OT CTaHABPTHLIX NOAXOAOB pacyeT CEMCMUYECKONH peaKkuuyu B yKa-
3aHHbIX NPOTPAMMAX OCYUECTBNAETCA ABYMA 3Tanamn: a) pacyetT UMNYNbCHON
XapaKTepucTuKu cpeabl r{x, z, t} 6Gea yuera nornowenna; 6) pacuet 4aCTOTHOW
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xapaKTeprCTUKMN Cpeabl ulx, z, f} c yyerom NOTNOWEHNA; 3aTeM PacCUMTLIBAET-
¢ MMNYNbCHAA XapaKTepPUCTUKA CPeabl M CEUCMNYECKEA PeaKunA CTPYKTYpbl
ulx, z, th; Six, 2, 1l: Six, 2, t) .

Me70A KOHEYHbIX PazHOCTEN MCNOMb3yeTCA TONbKO Ha nepsBom 3tane {npo-
rpamma LATER). Bropoit 3Tan BbinonHAeTcA Mpu nomouin npeobpasosaqui
¢dypbe METOAOM ®unoHa u BlMN® (nporpamma ANELAS) . Mpevmyuwiectso 310-
ro NOAXOAA COCTOMT B TOM, HTO YHKUMA r(X, Z, t} KOHEYHO-PAa3HOCTHLIM METO-
AOM Pacc4MTLIBAETCA OANH pa3. . Kpome TOro, 8 AanbHeRem MMy nbCHaR xapaK-
TEPUCTUKA rix, 2, t} moxeT GbITb UcNOnb3OBaHa ANA noctpoenuA Ulx, z, f};
S(x, z, fh; S(x, z, t) Npu pasHbIX BENUYHHAX U MEXaHU3IMaAX MOTACLUEHWA U NpU
pa3HbiX BPEMEHHbIX (PYHKUMAX B8036yxaeunAa V(t). Ha sTopom 3arane moxer
TaxKe OCYLUECTBRATLCR (ecrt Heobxoaume) 4acTOTHAA (HUNLYPAUWA, KoTopan
uenecooBpazHa MMEHHO ANA YCTPAHEHWA W3 PacCUMTHIBAEMbIX CEWCMOTPAMM BblI-
COKMX HacTOT, TOYHOCTb PacyeTa KOTOPbiX HEAOCTaTOMHA.

HegocTaTOK YKa3aHHOro NOAX0Aa 33KNIOYAETCA B TOM, 4TO ECNTW €rO NpuMe-
HATb ANA NOrNOWAIOWWAX CPeA, TO OHW JOMXHbLI BbiTb OF paHWYeHb) CHU3Y XKecT-
Kot rpaHuied. Mexay 3Toi rpaHuLel u 3emMHON NOBEPXHOCTLIO CPEAa A0MKHA
ofnafath NOCTOAHHOW CKoOpocTbid Vi u AobpotHocTseio Q; (HesaBucAwen oT
koopavHar) . B cnyuae, koraa nornouieHrem npeHebperaeTcA npu Beex pacue-
tax {(3rvan a v 6), Te. Karga Q = <0, HeT OrpaHU4eHMA TUNa Cpeatl, OHa MOXeT
COCTOATh M3 OAHOPOAHbLIX BNOKOB pa3Hoi ckopocTu V (MHOroyronbHUKmM npo-
W3BONLHOI (BOPMBI B NNIOCKOCTA X, 2), rpaHUUbi KOTOPBIX CHATAIOTCA YNPYri-
M. B 3TOM cnyuae pacyeTbl MOXXHO NpPOBEPUTE ANA NAAAOLUNX CHU3Y NAOCKUX
BOAH. ; :

PeaynuTatel pacyetor 8 nporpamMmax LATER 1 ANELAS, nony4aiotcs asro-
MaTuyecKu B BuAe rpadnKoB.

ANA OUeHKW UYUCACHHON NOMPEWHOCTU METOAa KOHEWHbIX pasHocTen Goino
NPOBEAEHO CPaBHEHWE pe3yneTaTOB pacyeTa CeMCMUYECKON peakuvn ¢ pacue-
TOM MaTpUuHbIM METOROM ANA MOAERM CNoMcTOoN cpeabt [72]. B atom cnyuae
MaTpU4HbIN METO4 ABAAETCA TOYHbIM. Bbin NOATBEPKAEH BLIBOA MHOIMX Npefbr
Aywmnx paboT, YTO pe3ynbTaTa ¢ OTHOCUTENBHON OWWBKON SO HECKONLKKX Npo-
UEHTOB MOXHO AOCTW4b NpW onpedeneHHoM Ax (A0CTaTOYHO MANOM € TOHUKMW
3PEHUA recMeTpUYecKon GOpMbl CTPYKTYpsl) B 4acToTHOM amanasoHe 0 <
<FL Vi 124x.

NputoM At [onkHO yAOBNETBOPATL YCNOBUKD yCTOMwMBOCTM At <
< 08 Ax/V . V 20 3aeck Viin, Vinax 0B03HAY3IOT COOTBETCTBRHHO MUHM-
ManbHy10 1 MaKCUMManbHYH CKOPOCTh PAacnpoCTPaHeHUA nonepeyHbix BONH B
MoAaenn,

BaxHO yCTaHOBWTL, HACKONLKO PE3YNBTAaThi Pac4eTOB CEMCMUYECKOW peak-
LUUu AByMepHSIX CTPYKTYp 3aBUCAT OT TOFO, YTO ABWXKeHMe 3ajaeTcA koneba-
HUEM ecTKoro nubo ynpyroro gHa. Nepseii Bull Bo36yxaeHUA YacTo ynoTpeb-
NARTCA NMPU pacyeTax METOROM KOHEUYHLIX Pa3HOCTER, TaK KaK OH CYLUECTBEHHO
YMeHblwaeT TpeGoRaHMA K NaMATU MalUMHbl U PaCYETHOMY BPEMEHH 0 cpasHe-
HWKO ¢ 6onee peanbHbtM BTOPbIM CNyYaeMm, KOTAa ABWkenve Bo3bykaaeTcA na-
A3UWEN CHU3Y MNOCKOW BONHOW.

B xavecTse MopensHOW 3afaum Gbina M3ydeHa MMNYNsCHAA XapakTepucTvKa
Henornowaroueil ABYMEPHON CUMMETPUYHON CTPYKTYPLI NpU 06oMx Bnaax Boa-
Symaenun (puc. 6.3). Cnyvalt & COOTBETCTBYET BO3GYMAEGHWIO CTPYKTYDb)
NnocKoi BONHOW, Nagalowein CHU3Y Ha ynpyroe gHo. Cnydan 6 cootsercTeyer
BO30YXAEHMO CTPYKTYPbl CHMHXPOHHO 33AaHHLIM ABVXKEHMEM XKECTKOro AHa.
Npuemunku 1—77 pPacnonoxeHsl Ha AHEBHON NoBepxHocTH. B oboux cnayvanx
pacuer spinonHAnca anA BonH SH MeTOA0M KOHEYHBIX PAa3HOCTeN.

Pacuet nokasbiBaeT, yTo B NEPBOM Cfyyae NPOUCXOAMT CYLIECTBEHHOE Npe-
yBefnyerme aMnNmTy  CecMOrpamMM no cpaBHeHuio ¢ 6onee peanbHbIM BTOPLIM
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P wuc. 6.4. N'eonorvuecKMin paspes u pacyeTHan MOJENb 0CAACYHOro Bacceina Sepuaop(p
{rap) )

0 ~ ocankn; TE — Go2aneroBbift Ty, B — Gasanst; T — rpaHoauoput; 7—8 — Touxn
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Puc. 6.6. WUmnynecHan xapaKTepuCTKa OCIRONHOrO BacceiiHa c y4eTOM fIOfnoulBHUA

Cny4aem; 3ameTeH TaK)Ke (ha3oBblM CABMI CEWCMOrpamMm 2 u 6. T atexTe!
HamBonee 4eTKO BbipaxeHbl B TOYKaX 7 1 2, T.e. B UEHTPaNLHOW 4acTU CUMMET-
PUYHON CTPYKTypbl. 3aMeTum, u4T0o 3hIeKTbl KECTKOrQ AHA NPOABRMAIOTCA
UMeEHHO B8 Nocneaylownx BeTynneHuAax, OTcloaa cneayer, 4To NOTNoUleHWe npu-
BOAMNO Bbt K CYLIECTBEHHOMY YMEHbLUEHMIO YKa33aHHLIX HeXEenaTenbHbix adg-
dbekToB.

Taxum 06pazoM, NpUXeanMM K BLIBOAY, YTO BCR PacyeTHble Pe3ynbTaTbl, No-
NY4YeHHbie 8 MNPeANONOXEHUU >KECTKOTOo AHA W Manoro nornoileHun, cneayer
Paccmatpueats ¢ OCTOPOXKHOCTLIO. Ha atoT hakT 0OpalLanock yXe BHUMaHue
Patee [72]. AnA NpoBeaeHMA KOHEYHO-Pa3HOCTHLIX PAacyeToB C YHETOM ynpy-
FOTO AHa u noacTWhaloWweln cpeabl BbIFOAHO NONb3OBATbCH CheunanbHbiM yCno-
BueM Ha rpanuLax pacyeTHol obnactu [74].

Bnnanue ropusonTanbHoil HEOAHOPOAHOCTH CPEAbI C YYETOM ee ABYMEepPHOro
XapakTepa 66170 U3YYEHO Ha NpUMepe ocaaouHoro GaccerHa bepuaopd (moaens
Gbina cocTaBneHa no AaNHbiM, M06esro npegocTaeneHtpim . Tpuntanom,
FAP). leonorvueckuin paspes CTPYKTypbl AAeTCA 8 BepxHeid 4acTh puc. 6.4.
Cxopocti nonepeunsix sonH 8 ocaakax 200--400 m/c, B GasanbToBbIX Tydax
1700 m/c, B Gasanstax 3400 m/c u B rpasoanopuTtax 3200 m/c. PacyetHas Mo-
Aene cpepst NokasaHa B HuixHeR 4yacTn puc. 6.4. Moaens CMMMETPUYHA, rpaHALa
cnoee 0 u THE cyaTaeTCA XECTKUM [HOM, CEACMUYECKOE ZBUMEHWE KOTOPOro
3apaetcA. Toyku HabnoaeHna 7--7 pacrnonoXeHbl Ha LHEBHOW NOBEPXHOCTH,
Touka 8 — Ha gre,
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P n c. 6.7. Ceitcmuyeckan peakuma 0caaouHoro HacceiHa npu BO26y>KABHUW AHE B Buae
peanbHoh ceicmorpamMer {Tpacca 8} ; nornowenke He yanThiBaeTch

CeiticMuvecKanA peakuA CTPYKTYPbl ANA BONH SH Bbifla pacCcuMTaHa MeTOAOM
KOHEYHbIX pasHOCTen. [nAa 3Toro ucnonb3osanack KBaapaTHas ceTka Ax =Az = «
=10 m, At = 0,01 c. UMmnynbcHaA xapakTepucTuka cpeasi 7 (X, z, t), paccunTaH-
Han Ge3 yyeTa nornoweHunst AnA Touek 7—8&, nokazaxa Ha puc. 6.5. CelicMor pam-
Mbl (DKUNBTPOBaHbLI. YCTpaHeHb! BONHbI ¢ 4acToTon f > B Ty, TouHocTs pacueta
KOTOPbIX HEAOCTATOYHA. ITH UMIYNLCHLIE XAapPAKTEPUCTUKM MOXKHO CuMTaTsh
TANUYHBIM NPUMEPOM BONHOBOro NONA ABYMEPHOIO CUMMETPUYHOFO Baccew-
Ha. UMnynec cMeLLeHnA, NPUNCKEHHbIH CUHXPOHHO BAONb BCErO AHA OCaA0YHOM
CTPYKTYPbi, BO3OYXNAGET NONEe MHOIOKPATHBIX OTPAaKEHUA MEXARY AHOM U SHEB-
HOM NOBepxHOCTw0. W3-33 HaKNOHa AHa W NOBEPXHOCTH 3eMNU GOPMUPYHOTCA
MHTepd)epeHuMOHHble BOMHbI, PACHPOCTPAHAOWMECA MNOYTH B I'OpM3OHTabHOM
HanNpasneHun, — TaK Ha3bIBaEMLIE FOPU3OHTaNbHbIE BOMHbLI. B LEHTPanbHOW
YacTW NOBEPXHOCTN HENOrIIOWALMX CUMMETPUNHEIX CTPYKTYP CKAaAbIBaloT-
CA rOPU3OHTanNbLHLIE BOAHL), PACNPOCTPAHAICLUMECH CNpaBa u cnesa, obpasyAa,
TaKiM 06Pa3OM, CYLUEeCTBEHHOE YyCuneHue KoneBaHuiA. 3aMeTuM, uTo Ha Ce-
CMOTpaMMmax FOPU3OHTANbLHLIE BONHbI TTPOABAAIOTCA He B NEpPBbLbiX, a 8 Nocneay:
OWMX BCTYNNEHUAX; ANWMHA Npobera aTux 8ONH G0OMNbLUAA NO CPaBHEHUWIO € Nepr
BbiMY BCTYNNEHUAMK, CHOPMUPOBAHHBLIMA BOMHAMM NPUBNU3UTENBHO BepTH-
KanoHOrQ HanpasieHuA. [pyrve npyumMepsbl ropM3oHTanbHbIX BOIH paccMmarpu-
Banuck B pabote [73].

CpasHutenbHo 60nbluan anuHa npobera ropusoHTanbHbLIX BONH NPUBOAUT K
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P v c. 6.8. CelicMuueckan peakuMA 0Caa0yHoro BacceiHa npu 8CabyXaeHMw AHa 8 Buae
peansHOM ceicmoarpammel {Tpacca 8) AOrNOWEHNE HE YU ThIBGETCR

WX CUIbHOMY 3aTyXaHWA B nornowawigyei cpege. Ha puc. 6.6 nokasara umnynec-
HaA xapaxtepuctuka Ulx, z, t) = F "1 (Uix, z, f) ), paccuuTaHHaA npw Quf*) =
=10, f* = 1 Fu. AwanoruyHo puc. 6.5 KoneBaHuA B KoHue Tpacc 7—8& cooT-
BeTcTBYIOT BpeMeHam t < 0, Kak oBbiyHo npu ucnonb3osaHuu B, OTHocu-
TenbHO BonbUWIoe 3aTyxaHWE rOPU3OHTANLHLIX BOMH (KOTOPbIE, HECOMHEHHO,
npeacTaBnAT cobol oanuH M3 BaxHenwnX ahdeKToB ABYMEpPHOW HEOAHOPOA-
HOCTH) NpUBOAXT K TOMY, 4TO B MOrNOWAOWLEd Cpeae BONHOBbIE 3PdeKTsl
ABYMEPHON HEOAHOPOAHOCTU CPEAbl BbIPAXKEHbI HAMHOTO MEHBLUE, YeM B Cpeae
Henornouwawwen. MpakTuyecKn 3TO 03Ha4aeT, YTO BO MHOFUX CAYYAAX MOXHO
C AOCTATOYHOW TQUHOCTBIO PACCHATLIBATL CRMCMMYECKYID peakumio ABYMEPHbLIX
nOrnomalomux CTPYKTYP B fOKANbHO-04HOMEPDHOM HpMﬁRH)KBHMM, T.e. Npn
NAaMoLWKM MarpusHoOro metoaa.

MNpuBeneHHsle BLIBOALI OTHOCATCA He TOMLKO K UMNYNLCHOW XapaKTepucTu-
Ke cpeabl. Ha puc. 6.7 un 6.8 npuBoanTcA cedcmuueckan peakuva Six, z, t)
-ANA cnyyaa Bo3ByxaeHUA AHa B8 BUe peansHol ceiicMorpamMbl V(t) (anunoi
10 ¢). Ecnu npu Q, = oo, T.e. Nnpu OTCYTCTBUM NornoweHnA {(puc. 8.7}, umeercA
BbipasnTenbHOe ycuneHue MakcuManbHbIX aMANUTYA koneBarnil B Touke 1 OT-
HOcuTenbHO Touku 7, To B cnyyae Q, = 10 [puc. 6.3) MakcumansHuie aMNuTy-
Abl B Toukax 7 u 7 cpasHUMbE Mexay coboi. Habniogaetca TONLKO pasHWua B
Npeobnagalowmx sacToTax KoneBaHuin (6onee HU3KWUE 4acTOThI B LEHTPANbHON
YacTu BacceitHa — Toyka 7, Bonee BLICOKWE Ha ero nepucbepun — TOUKa 7).
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Mpeobnapatowme 4acTOThl, 06ycnoBneHHble NPEXAe BCEro NOKanbHOM MOLL-
HOCTBIO OCaAKOB, MEHLLUE M3MEHRAIOTCA (CHUXAIOTCA) BCNEACTBUE NOrNOWEHUA,
yem amnnutyast. [oaoBHbie addexTol Boinn HataeHsl Taxkxe B {155, 232].

CyLiecTBEHHAA 33aBUCMMOCTL BONHOBBLIX MONeH OT BENWYMHBI MNOFNOLEHWUA
03Havaet, YTO ANR Pac4eTOB MNpU CEUCMUYECKOM MUKPOPANOHUPOBIHNNA HY ~<HO
WMeTb XOpOouIME faHHbIe - (M3MepeHna) o AoBpoTHOCTU 0 Q, reonoruvueckux
cTpyKTYyp. C Apyroi cTOpOHsl, KaK NokKasano B [232], ceucmuuecxan peakuua
Mano 3aBUCAT OT TOTO, PACCYUTLIBAETCA NW OHZ B NPEANONOKEHUN APUYUMHHOMO
NOrfoWeRnA wnu {onpeaeneHHbIM CNOCOBOM NOAOBGPAHHOTO) HEMPUYUHHOO
NOrnoweHnA. 3T0T haKT CBA3AH ¢ HeGOMNbLUMMKU MO CPABHEHUIO C ATHAHOM BONHbI
pa3MepaMun CTPYKTYP.

AHanoruuHble pesyneTaTel Buin MOAYHEHb! TaKKe MPU aHanmse cencMmyec-
KOW peakuuu Apyrux ABYMEPHO-HEOAHOPOAHBIX CTPYKTYP, HaNDUMED 3EMIAHON
Haceiny [232] .

6.4. PU3UYECKWE NAPAMETPbI MOAENN

Ana obecneveHnA AOCTATOYHOM TOYHOCTU M HAZEXKHOCTK pacyeTos No Npuse-
AeHHbiM B8 pa3aenax 6.1—6.3 nporpammam HeOoGXOAMMO XOPOLWO 3HaTh Napa-
MeTpb) PeanbHOM Cpeabl, UCTIONbIYeMbIe ANA COCTaBMNEHWA TeOPeTUYECKUX MO-
. Aeneit: CKOPOCTW NPOAOMbHBIX M NonepeyHsIX BONH & cpede V,, V;, MOWHOCTL
cnoee /1, NNOTHOCTLIO 0 ¥ BEKPEMEHTHI MOTNOLUEHNA (ao6pomocm) npoaons-
HbIX W nonepeudbix BonH A, Ay Yawe Bcero W3gecTHbl NULb CKOPOCTH BOSH
n MOUWHOCTH CnoeB, I'IOIIYHBEMbIe W3 CTAHAAPTHLIX CBWCMOpa3BEAO‘|Hle Habnwo-
AeHui. HaumeHee W3yHEHHbIMW OCT3IOTCA MOrfnowWaoWLMe CBOWCTBA CPeAbi.
Boibop AekpeMeHTOB MOMNOUWEHMA NPWU COCTasnervk TeOPeTUYecKOl Moaenu
3aTpyaHeHr TeM OBCTOATENBCTBOM, YTO OAHOW U TOM e BENUunHe V /V, cooTBeT-
CTBYET WMPOKUiA Habop sennumnH A, /A v HaoBopoT.

O6Li1uHo BbLIGOp NapameTpoB Monenw B TOW MKW MHOW CTeneHn oBCyKAaeTcA
B Kaxaon paboTe, B KOTOPOW MCNOMB3YHITCA pacueTHeie MeToak [1565]. Oanako
peanbHble CPeAbl O4eHb PasHooBpa3Hbl, Pa3bpoc napamMeTpos BeNUK, @ TOYHOCTL
ux onpeageneHUA HU3Ka. K TOMY Xeé OLUEHWTb TEOPETUYECKWN BAWAHUE TOUHOCTHU
orpeaeneHUA NapamMeTpoB Ha Pe3yNbTaTb! PAacYeTOB B HACTOALLee BPEMA He

NpeaAcTasnAeTCA BO3MOXHBIM. I'losmmy B GONbWUHCTBE Crly4deB COCTaBNAETCA )

HECKONBKO BapuanToB Moaeneit. 3aaaloTCA BO3MOXHbBIE KPalHWe U NPOMexy-
TOUYHbIE 3HAYEHWA NAPaMeTpPoB W CPaBHUBAIOTCA PE3YNbTaThl PACYETOB.

Huike Ha HeCKOMbKUX MPOCTbiX NPUMEPaX PacCMOTPEHO, Kak MeHAETCA Xa-
paKTep CNEeKTPanbHbLIX XapaKTepUCTUK € M3MEHEeHWEM CKOPOCTENR NOoMNepeYHbIX
BOJH B CPeAe, MOUHOCTU HM3KOCKOPACTHOTO MPUNOBEPXHOCTHArO CROA, @ TaK-
e OUeHWBAaeTCA BNUAHUE NOrNoweHWA B cpeae. Kpome TOro, NpoeAeHo ConNo-
cTaeneHne konebaHuim Ha cBoBogHON MOBEPXHOCTH W BO BHYTPEHHWX TOUKEX
CpeAbl U U3MEHeHMe xapaKkTepa Konebanuit ¢ rny&uHoil.

(IpuBeReHHbIE pe3yNbTaTbl MOryT BbITh OTHECEHbI K Cpedam co cnabeim npu-
NOBEPXHOCTHLIM pPeneeiomM W NprUGAMXKEHHO-TOPU3OHTANbHbIMK FPAHULAMWN Pas3-
pena. Mpu cocTaeneHn uccnegyemeix moaenein M-1 u M-2 ana treopernyecknx
pacyeToB 3agaBanuch napametpsl V,, o, 1 v n (uwicno cnoes) AByxX peanbHbIX
paspe3os Boctounoit Cnbupu [188]. Mapametpel V: Api Ay BapbupoBanucs
(tabn. 6.1 n puc. 6.9). Moaenn M-1 u M-2 u nx sapuauvn pasnyuanuce NNWL
MOLULHOCTHI0  MPUNOBEPXHOCTHOFO CNOR, OCTaNbHblé RMapameTpbl COBNAAanu.
BbluMCNeHNR NMPon3BoaMnncs B guanasore 4actor ot 0 ao 25 'y, war no yacro-
te pasHanca 0,1 Fu. Bee anccunaTuaHble ¥ CKOPOCTHbIE 11apaMeTpbl 3aaasanuch
Ha OnopHOW vacToTe, pasHon 2 Fu.

Pg3ynbTal pac4eToB, NOKa3aHHbIN Ha puc. 6.9, No3BONNEr OUEHUTE Kak 3
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Tabnwnua 6.1
MapameTpbl pacuaTHON moaenn

OcHosHble Mogenu a {cm, puc. 6.9) Bapuauum
N° cnoR f, KM V.. V., Vs KM/fc
M-1 M-2 winfc | wmic s 4p As l & a -
. T
1 0,004 0,025 0,38 0,19 1,81 0,175 0,35 0,08 0,19 0,19
2 0,015 0,018 25 0,88 2,14 0,04 0,04 0,89 05 089
3 0,5 Q0,5 37 1.7 2,5 0,08 0,08 1,7 1,7 074
4 6.1 35 2,7 3,5 35 35
Ta6nuua 6.2
MNepuons n i KoneGaHwui ANA pacdeTHbIX Moaenen
BpemA npobera, ¢ Mepuoasl ocunnnauai, My

Mogens t, anepeom|t, B ABYX | t, & Tpex 7 r 1 -

cnoe ! enoAx cnoAx 3 ? J 3

F T |

M-1, @ 0,021 0,038 0,332 23,8 13,5 1,81
M-1, 6 0,05 0,068 0,362 10 74 1,38
M-1, & 0,021 0,051 0,345 23,8 98 1,45
M-1, 2 0,021 0,038 0,714 23,8 13,5 0,7
M-2, a 0,132 0,149 0,443 3,8 3,36 1,13
M-2, 6 0,31 0,33 0,624 1.6 1,52 08
M-2, 8 0,132 0,162 0,456 38 3,08 1,09
M-2, 2 0,132 0,149 0,825 38 3,36 0,61

(HEKT U3MEHEHUA CKOPOCTEN NONePeYHIX BOMH B OTAEABHLIX CNORX, TaK M BNUA-
HUE MOWHOCTU NPUNOBEprXHOCTHOrO cioA. BuaHo, 470 anA BCEX pacCMOTPEHHLIX
Moaeneit CrneKTpanbHble XapaKTepUCTUKY ABAAIOTCA OCUUANUPYIOWAMU (DYHK-
ULMAMKU. DTWU OCUMANALUK CBA3aHL! € CYLIECTBOBAHMEM B MOAENH, NOMUMO Npa-
MO nonepeyHOW BOMHBI SV, cepuu KpaTHbIX OTpaxeHuin sonH SV, pacnpocrpa-
HALWUXCA 8 CAMOM BEpXHEM CNoe, BEPXHUX CNOAX M BO BCeld TOHKOCNOUCTON
Nauxe. Haubonee ANMHHONEPUOAHAR OCUWIUTALMA CBA3AMA C CYLLUECTBOBaHUEM
KPaATHbIX NOMEpPeYHbIX BONH B CAMOM BepXHeM OC3JAOYHOM CNoe, CaMaA KopoT-
KOMEpUOAHAA — C KPaTHbiMW BONHamu Bo BCel crnouctou nauke. B rabn. 6.2
NpMBEAEHbLI OCHOBHbIE NEPUOAbl OCLUURAAUMIA CREKTPanbHbIX XapaKTEPUCTUK
{u3mepremsie B Mu), KOTOPLIE ADMKHLI CYLWECTBOBATL ANA MOZENed, NoKasaH-
HbIX Ha puc. 6.9, n HanoxeHne KOTOPbIX cO3aaeT ODUMA BUA CNEKTPANbHOW Xa-
pakTepuctuku. BuaHo, yto B Mogenn M-1, 2 OCHOBHYIO porib UIpaldT KpaTHble
30/Hb!, BOSHMKAIOWWE B CaMOM BepXHEM cnoe (MWK CnexTpanbHOW xapaKTtepuc-
1Ky Ha wactote 10,2Tu}. Ocumnarumm ¢ nepuogom 13,5 Ty HUKAK He npoABNA-
HTCA Ha CNeKTPanbHoW XxapaKTepuCTuKe, a OcuManAuuMu ¢ nepuoaom 1.5 u,
CBA3aHHbLIE C MHOTOKPAaTHLIMK BOJIHAMW BO BCEW TOMLE, XOTA Y OTYETAMBO BUA-
Hbl, UMeloT cnabsii pazmax Konebanuit v No-BMAMMOMY He MOrYT CO34aBaTb
PE€30HaHCcHLIX ABneHmni. B mogenn M-2, a HaGRroAawTcA 4YeTKie OCUMINAUUK
Bonbwnx aMNIUTYR TONLKO © nepvoaom ~3,5 Ny, o6pasoBaBLIMECA B pe3ynib:
TaTe UHTephepeHUMN KpPaTHbIX NOoMNepedHbIX BONH B BEPXHUX COAX (CnoxeHne
ocumnaaumii c 6nuskumu nepuoaann 3,8 1 3,36 u) .
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P n c. 6.10. CnekTpantHbie XaPaKTEPUCTUKK FOPU3OHTANLHOW KOMMOHeHTLI CMeLLeHui
ana uaeansHo ynpyrux mogenein {a) v moaenein ¢ nornowexuvem {§)

Ana mogeneit M-1 — nyHKTUPHOA n M-2 — cnnowtxana nuHun. Bonna SV nagaer noa
yraom 1° {a}, 23° (6}, 44° (@) w 71° {2)

Ha cnexTpanbHOW xapakTepucTuke mozenyt M-1,6 Hanbonee oTueTnusb! oC
uunnAuvM ¢ nepmoaom 10 MU, CBAR3aHHLIE C KPaTHbLIMKM BonHaMu SV B8 camMom
BepxHem cnoe. XoOpowlo MPOCNSXMBAIOTCH TaKKe OCUMANAUMK C NEepUOAOM,
1.4 I'u. Beraenuts ocumnnaunm ¢ nepuanom 7,4 Ty Ha KpUssix He yaaetcA. Ha
cNeKTpansHOW xapakTepucTuke mogenu M-2,6 MoXkHO YeTKO pasnuyute Tonb-
KO QAWH Nepvoa ocuunnAuun, pasHbid 1,6 My, HeTKkocTs KONeGaHui 1 BLICOKUIA
ypoBeHb MaKCUMaNbHbIX aAMMIUTYA BbiZBaHbl, OYEBUAHO, CHOXEHWEM Ocuwn-
nAuuK ¢ Becoma Bnuakumu nepuogamu 1,6 u 1,52 Tu.
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B monenu M-1,8 OCHOBHYIO POAb WMIrpatOT KpaTHbie BONHbI SV, cBA3aHHbLIe
C ABYMA BEPXHUMWA CNORMM, OAHAKO UHTepdePeHUUA UX C BONHAMU B CAMOM
BEPXHEM CNOE BHOCWT UCKAKEHWUA, HECKONLKO YMEHbLUAR NEPUOA OCUMANAUMNNA.
Dna monenu M-2,e ocHosHOI nepwoa ocumnnAumit ~3,5 [y Takke cBA3aH C
MHOrOKpPaTHbIMA BOMHAMK B BepxHUX AByx cnod. OcumnasumMd C Nepuoaom
1.1 ¢ {gonHbLI 80 BCeW CnOUCTON TOMWLE) AUWD CRAErKA OCHOXHAOT XapakTyep
Kone6anuit.

Haxoweu, '8 moaenax M-1,2 1 M-2,2 OCHOBHY0 POfb UFPAIOT KPaTHbiE B8OR-
Hbi B BEPXHUX ABYX CRofiX, OAHAKO ¢Nabble OCUMNNALMK, CBA3aHHLIE C KPaTHbI-
MK BoRRamMu SV BO BCeW OCAAOMHOW TONUIe, TAKIKE QTYETNVBO BUAHLI HA3 CREK-
TPantHbIX XapPaKTepnCTHKax.
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Taxum 06pasom, nsMeHeHUe CKOPOCTEN NonepedHbIX BONH B paspese Npuso-
ANT K CYLIECTBEHHOMY M3MEHEHWO BUAA CNEKTPANbHbIX XapaKTepUCTUK: MEHA-
IOTCA PE30HaHCHbIE YacToTbi U aMnAUTYAbl MaKcuMymoB. No3toMy ocoBeHHo
BA)KHO 3HaTb KAK MOXXHOQ TOYHEE CKOPOCTb NOMEPEUHBIX BOMH 8 BEPXHUX HU3-
KOCKOPOCTHLIX CHOAX, TaK KaK OCHOBHbIe, Haubonee BbICOKWE NWKY Ha CrieK-
TPanbHeIX X3apPaKTEpPUCTUKAx CB8A3aHbl C PacnpoCTpaHeHNeM KpaTHbIX BONMH
VMEHHO B 3TUX CNOAX. Mol Bbile NOKazanu, NTO TOHKUN NOBEPXHOCTHLIN CAOM
{monens M-1) cosfaer xonebaHua G0ABLWONA aMNAUTY AL M CABWUTaeT PE3OHAHC-
Hbi€ YacTOTLl B BbLICOKOUYACTOTHYW 06nacts (cMm. tabn. 6.2 u puc. 6.9) . O6vac-
HEHWUE 3TOMY HaXOAUTCA U3 DACCMOTPEHMA BONHOBOW KapTuHel.

TeopeTuyeckne mogeny noaoBparbl Tak, 4To npAamas sonHa SV, pacapoct-
PaHAIOLLAACA B CNOUCTOM TOAULE, AOCTWraeT NOAOLBLI PLIXAOrO CNoA B 06OUX
CNy4aRX C O4WMHaKOBOW aMAMUTYAOW ¥ (Da30B8OH 3alepkkoi. Tipu pacnpocTpa-
HeHWy B BepxHeM NOrnoiLarouleM CJioe NPOUCXoAUT ee ocnabneHune, KOTOPOe
b6yaer Tem Bonblue, YyemM MouiHee Cnoi. TO e NPOUCXORUT W CO BCeMU KpaT-
HBIMU BOMHAMU, HaCTb NYTK KOTOPbIX NEXUT B BepxHeM cnoe. OaHako B obna-
CTU HU3KUX 4aCTOT CYLUECTBYET WHTEPBan, TAe UHTeHCUBHOCTL KOoneBaHuh B
moaenu M-2 cyulecTeenHo Bonblie, vem B Moaenn M-1. 1o o6bAcHARTCA Bonb-
WUMY fepuosamy OCUUNNALUM B MOAENAX C TOHKWUM NOBEPXHOCTHL: A1 € NOEM,
4TO NPUBOAUT K CABUrY PE3OHAHCHLIX MMKOB Ha Goree BLICOKUE YaCTOThI,

ONA OUeHKWU BIMAHWA NOTrNOWEHMA Ha xapakTep kKonebawui Ka ceobop-
37 NOBEPXHOCTU CNOUCTOR TORWM PACCMOTPMM CNEKTPENbHLIE Xa[sanf pUCTU-
< i AKCENnepor paimMMs!, NONYYEHHbIR ANA AByX OCHOBHBIX FOFJIOW.: WX MO-
adenet M-1 v M-2 ux upeansHo ynpyrux asapuvaHToe (puc. 6.10 n 6.11) anA
paanuuHbLIX yrnos naaeHwA. MNpu conocTaBnedHUu peaynsbTaToB MOXHO BULETh,
4TO NOrNOLLEHUE CUMbHO CrNAXMBaeT CReKTParbHble XapaKTepucTUKU: 4uC o
NUKOB YMeHbLW3eTCA, aMNinTYAbl UX YBbIBAKT ¢ POCTOM YacTOThl, @ HauuHanA
C HEKOTOpOro ee 3Ha4eHUR, QyHKUUA COBCEM He UMeeT OCUMNAALUIA U NNABHO
cTpeMuTcA K Hymwo. OpHaxko Ao § T ocTpbie MUKW COXPaHAIOTCA M Ha crieK-
TpanbHbIX XapaKTepucTuKax ANA MNOrnowawwmx Moaenen, T.e. Ha 3TUX YacTo-
Tax BO3MOXHbDI PE3IOHAHCHBIE ABREHVA 1 NPU HANMYUW NOTNOWIEHUA B rPyHTaX.
{TPUHYMHOW CUMBHOFO YNPOLLEHMA POPMbI CNEKTPAaMbHbIX X3PAKTEPUCTUK 8 MO-
ABNAX C ROrNOUIEHUEM ABMASTCA pe3xkoe OCnabnedue MHOTT<D3THLIX BOSH B
CNOAX ¥ BLICTPAA NOTEPA BLICOKGUACTITHLIX COCTABARKILHMX - -~ 3aHWiA,

Ha puc. 6.11 npueeaeHsl aKceneporpamMmbl AnA yrioB o =1 v 71°, paccum-
TaHHble LNA nagatolwero TeopeTuyeckore umnynsca Gepnare ¢ nepuoaom T =
= 0,3 ¢c. 3Tu aKcenepor pammMsl NO3BONAIOT CAENaTh € NEAYIOWWE BHIBOALI:

1} Bce 3aperucTpupoBaHHbLie Ha CROBOAHOU MOBEPXHOCTU CNOWCTON TOMUAM
KonebaHuA NPOAONKUTENbHE. N UHTEHCHUBHEE, YEM NAAAIOLLMA UMAYNLC;

2) KoneBaHuA B UAEANBHO-YNPYrvMX MOAENAX CYILECTBEHHO O/IUHHEE, 4Yem
B 0T NOWAOUIKX;

3) ¢ yBenuueHuem yrfia NageHuA ANVUTENbHOCTL Konebarini Bo3pacTaeT;

4) dhopMa NpAMON BOMHe! Ha 3anucy 6Nu3ka K HOPMe NAAaIOLLEr O UMY AL
€a NpU ManbIX yr nax nageHua, HO 3aMeTHO OTNUYAETCA fipk GonblUNX.

B cBA3N C TeM, 4TO OCHOBHAA YaCTb CMEKTPa NAAAIOWErO UMNYNBLCA Pacnono-
WeHa B guanazoHe vactoT ot 1 g0 5 "y, rae Ha crekTpanbHOM XapaKTepucTuKe
Mogenn M-2 umeercA ocTpbi NUK, aKCEAEPOT PaMMabi AINA MOAESHK C MOLLUHBIM
HU3KOYACTOTHbIM CJIOEM VHTEHCUMBHEE M MPOTAXEHHEE, YEM aKCeneporpaMmsl
ANA MOAENN C TOHKUM CHI0EM.

MNocKonbKy AexkpemeHTbl NOrNOWEHUA B CNOAX ONPEAENAIOTCH, KaK npasu-
A0, C MaNOW TOYHOCTBIO, WHTEPECHD OUEBHUTb, KAK CKAa3bIBARTCA UIMEHeHue
flor NOULEHUA B OTAENbHLIX CAOAX Ha HOPMY ¥ YPOBEHb CMEKTRANbHBLIX XapaK- .
TepucTuK., [pumep Takoro cpasHeHwA ANA moaenw M-1 noxasax na puc. 6.12,
MN3meHeHVe ABKPEMEHTOB MNOTNOWEHWA NOnepeuHsix BONH Ag NpuseneHo B
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NafeHVK Ha NOAOLLBY PLIXNOWM TOrwM uMnyneca Beprare 7=0,3 ¢ {a)
Ana ynpyroi moaenu (1) wn c nornowervem (2); 6 — M-1; & — M-2. 3navenun yrnoe
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V! coorsertcteyior Tabn. 6.3

PUCTUKNA FOPUIOHTANBHO

MOABNEN C PAzMMYHBIM NOTROWeHUEM /—

P u c. 6.12. CnexTpansHue XapaKTe



Taénuuya 63
Bapuauuu A B Mopeanu M-1

Homep cnon 1 5 " 11 v \Y \|
i
1 0,35 0,35 0,175 0,35 0,35 0,35
2 0,13 0,04 0,13 0,13 0,35 0,19
3 0,16 0,08 0,16 0,01 0,16 024

Tabn. 6.3. [expemeHTb! NOrNOLIEHNA MPOAONbBHLIX BONH OCTaBaNiuCb Hewsme-
HEeHHbIMU U COOTBETCTBOBaNW OCHOBHOK Moaenu M-1,a (Tabn. 6.1) .

Axanua pyc. 6.12 noxa3LiBaeT, YTO XOTH MOrNOLUEHUE CUNLHO BAWAET Ha aM-
AAUTYAL) NUKOB CNEKTPANbHLIX XaPaKTEPUCTUK, OHO NPaKTUMECKM HE CABUraeT
MONDKeHNE 3ITUX NMKOB NO Ock 4acToT [lo3aToMy Npu OTCYTCTBUM HENOCPeACT-
BEeHHbIX AdHHbIX O MOTFOLIEHUU B paspese, BEeAeHUEe HEKOTOPLIX BENUYMH Ae-
KPeMeHTOB NOFIOUWEHNA MO3BONUT C AOCTAaTOUHOW CTEeNeHbI0 HANEXXHOCTH onpe-
AeNMnTh MONOXEHNE OCHOBHEIX NMUKGR HA OCK 4aCTOT U 0bLLYIo hopMy ClieKTpanb-
HbIX XapaKTEPUCTUK, HO MOXKET CUMbHO WCKA3WTh 3HAYEHWA amnnuTys Kone-
HaHu#.

PaccmoTpUM Tenepb Ha npumepe Tex xe mopeneid M1 n M-2, kak menAeTca
XapaKTep FOPM3OHTanbHbIX KoneBaHui Ha pasHbix raybunax. Ha puc. 6.13 M
6.14 npuBeAeHbl CneKTpasnbHble XapaKTEPUCTUKW ANA YFNa NageHuR o = 1°
nony4eHHble ANA FNYOUH, OTMENEHHbIX CTPENKAMU HA CKOPOCTHOM pa3spese, npu-
BeAEHHOM Ha 3TuX e pucyHKax. Kak cngaosano 0XuaaTth, U3-3a Pas’fUyHbiX
YCNOBWUY MHTeDEPeHUUN KPATHLIX BOMIH Ha PasHbiX rnybuHax suji cnexTpans:
Hb!X XapaKTepUCTUK B HEKOTOPS:IX CAYYaAX CUALHO pasnuuaercA. TaKue passu-
yuA Ana moaenu M-1 OTYeTNWBO BUAHLI, HaUMHARA C vacToTsl ~6 Tu, ANA Moaenu
M-2 — ¢ uyactoter ~2 [u. Tlpu yBenuueHUn rnyGuHbl YMeHbllaeTcA CpeaHui
YPOBeHL CNEKTPasfbHbIX XapaKTEPUCTUK, U3MEHAIOTCA 3HAYEHUA PE30HAHCHbIX
YacTOT, NOYTU MCUE3arOT BhICOKOYACTOTHbIE OCUMANAUMK. Ha akceneporpaMmax
ana mogenv M-1 yxxe onucanHoro umnayneca bepnare atn pasnnuvA NpaKkTHYeC-
KU HUKaK HEe NPoRBRAoTeA, Tak Kak B o6nactu 8o 5 'y koneanua Ha Bcex 1 s1y-
BUHAxX O4YeHb NOXOXWU. AKCeneporpammbt ARA Mogenn M-2 paznu4aloTcA cyLuecT-
BeHHO Gonbllie KaK No ANUTENLHOCTU, TAK W MO 4aCTOTHOMY COCTasy, TaK Kak
3aMeTHbie PasNMunA B CNeKTPankHbIX XapakTepucTuKax ANA 3ToW MOAENK Cyule-
cTayT 1 8 obnacty YacToT g0 5 Tu. OTMeTuM, YTO adxke Npu BoNbLIKMX 3aray6-
neHuax (h =4 M) WHTEHCUBHOCTL KoneGaHWA PE3Ko MagaeT No CPaBHEHWO CO
cB060AKHO R NOBEPXHOCTLIO.

Takum obpazom, nposeaeHHbHA aHann3 NPOAEMOHCTPUPOBAN CUMbHYIO 3aBK-
CUMOCTL BMAA CNEKTPabHbIX XapPaKTepucTUK W aKCENneporpPaMM 0T CKOPOCTHBIX
W AUCCUNATUBHBIX NapamMeTpos camoit BepxHeld 4acTu paspesa. OTcrona cneayer,
HTO NPU M3YYEHUM PE3OHAHCHbLIX CBOMCTE CNOUCTbIX CNabonornowaiux rpyH-
TO8 NoA BO3AEUCTBUEM r YGUHHBIX CEMCMUYECKMX BONH HeoOX0AMMO pacriona-
FaTh AeTanbHbLiMU CBEARHUAMM O CKOPOCTAX NONEPEYHbIX BONH v AeKpemMeHTax
NOrIOWEHMA Ha KAXXA0K UCC NERYeMON NNOLWAAN.

6.5. CTNAXWBAHUE CNEKTPORB ¢YPLE CEACMWYECKWUX CHATHANOB

AHanuz 1 HenocpeacTeeHHOEe UCMNONL30BaHWE CNeKTPOos Pypbe PerucTpupy-
EMbIX CEeMCMUYECKNX CUTHANOB 33TPYAHEHbI M3-33 HANWUUA B HUX YCTOMNUBLIX
BbICOKQUACcTOTHBIX BueHui. B cBA3K ¢ 3TUM B paae Cny4aes apu 06paboTke Ike-
NEPUMEHTANbHLIX AaHHLIX BO3HUKAET HeoBXOAMMOCTL NOSMYYEHWUA CrNAXEHH bIX
C¢nexkTpog Pypsbe.

CywecTaytouve METOAb! Cr NAXMBAHWA He ABNAKOTCA A0CTAaTOYHO 3hheKTUB-
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Puc 6.13. CneKvaaanme xapaktepuctuku {2} u pacuetHsie akceneporpammsl (6) anm moaenn M-1 (o =1°)
Ha cBo6oaHoin nosepxxocT (0} M BO BHYTREHHUX TOUKax cpeasi:h =4 m {1}, h =8 m (2) , h =19m (3}, 4 =23 m {4); u rpacmkn
3aBuCUMOCTYH Vp th) le)

|
Y
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Puc.6.1 4:‘Cnexrpanbuue xapaktvepuctukyn (3} u pacueTHuie akceneporpammet {6) ana mogenen M-2
Ha cBo6oaroi nosepxHocT (1) n BO BHYIPeHHUX Touykax cpeabl: # =4 m {2) h =35m (3); h =32 wm 4); h =40 m (5}; h =
=44 m () ; rpatpmkn Vp h) {a)
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P unc. 6.15 Mpauk rapmonnteckoro npouecca Buaa x (¢} =Acos{wt + ), w = 2nf {8Huzy)
W ero aMnNnTy anbii cnexTp (BBepxy)

TTTTTm
T

P wn c. 6.16. Mpadmk rapmoHnueckoro npouecca Buaa X, It} = Acos{wt + ¢}, ¢, =

Pr. t<t,
' {BHu3y) 1 ero amnnuTyansid cnexTp (BBepxy)

@, t=t,

HbIMU. C ApYroii CTOPOHBI, Kak cneayer u3 pabotel [192], adbexTreHOCTL Npo-
HEAYPbI CrNaXuBaHWA CEACMUYECKUX CUrHAN0B NOBLILIAGTCA NpuBneYeHuem Me-
ToAOB romomopdon obpabotku [150]. Huke Mbt paccMoTpUM BOAPOCH!, OT-
HOCALUMECA K NPaKTUYECKUM 3CNEKTaM MCMONb30RAHWA FOMOMOpP(HOro aHanu-
3a: NPUPOAY BLICOKOYACTOTHLIX GueHUi, anroputM roMoMOPGHOro CriaxuBpa-
HUA, KPUTEPUI ONTUMANBHOCTU, alirOPUTM BOCCTAHOBNIEHUA UCXOAHOTO CeMCMU-
4eCKOro CUrHaNa rocsne NPoueaypbl FoMomMophHon oBpaboTku,

[nA BbIACHEHWMA MPMPOAL!I HabMNOAaeMbIX Ha CNEKTPAX BbICOKO4ACTOTHLIX Bu-
eHuin 0bpartumcA Kk puc. 6.15 1 6.16.

B HuxHel vacTy puc.6.15 npueeaeH rpauK rapmMoHWYEC KOTO NpoLecca Bu-
faa x(t) = Acos{wt + ), w=2nf. B BepXHEN “1aCTN 3TOFO e PUCYHKA B Bunora-
pyhMuueckom MacluTabe npuseneH aMnnuMTYAHbIR cnekTp X (f) npouecca x (¢).
PaccMoTpuM Tenepb npouece X {t} = Acos(wt +¢ ), OTAMYAIOWMKCA OT nNpouec-
ca x {t} TeM, YTO 3necb @, Y>Ke He ABNAETCA KOHCTEHTHOW OTHOCKTENbHO t M on-
PeAENAeTCA CNeay UMM COOTHOWIEHUEM

‘10;' t<t0r
= \p;, t?to,

T.e. MOMEHT oy CKAYKOOBPA3HO MeHAeT CBOE 3HaueHue ¢ ¢ Ha ¢;. patbuk
3TOro npouecca Xy (t) npuseaed B HmxHed 4actm puc. 6.16. AMnauTyaHsIn
cnexkTp X (f) aanHoro npouecca x4 (f), U306paKeHHLI B BepXHEld 4acTh 3TO-
r0 PUCYHKA, COepHMT XapaKTepHbIe BbICOKOYACTOTHbIE GUEHUA, KOTOPbIX HET
Ha rpatmke x {t}.

Takum o6pasom, MOXHO YTBEPHAaTb, 4TO HanMyme CKavykoobpasHbiX u3me-
HEHUH ha3bl rapMOHWMYECKNX COCTABMAOUNX MCXOAHOrO PErucTpupyeMoro
CUrHana ABNAETCA NPUMUHOW BO3HUKHOBENWA Ha CrexkTpe 3Toro curHana xa-
PaxKTepHb(X BLICOKO4AaCTOTHbLIX GueHwnit. Cneayer TakXke OTMETWUTh, 4TO Npeob-
pasosanne dypbe AOBONBHO “'YyBCTBUATENLHO'' K NOACGHLIM waMeHeHUAM ha-
3bl. [eACTBUTENLHO, KaK BUAHO #3 puc. 6:16, HanuuMe BCEro NUwb OAHON TOW-
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kn paspeiBa asbi Ha 2048 Touek MCXOAHOrO CWMHaNa NPUBOAUT K Heonpeae-
NEHHOCTU aMANMTYAHOrQ CNeKTpa B8 npeaenax ORHOTO NOPAAKa. YBenuyenue
HecylLel 4aCTOTbl & NOYTU HE NPUBOANT K M3MEHEHUID KapTHHbI.

B nWTore MOXHO YTBEPXAaTh, 4TO 33Aaua ONpefeneHuA crexrpa curHana AB-
AAETCA HEKOPPEKTHOW OTHOCMTENBHO CYWECTBOBAHMA PaspPbiBHbLIX HAapyLWeH N
(haabi PACCMATPMBAEMOrO TUNA Y FAPMOHUMECKUX COCTABNAIOLLNX ITOTO CurHana.

Y7o KacaeTCA HM3NYIECKON Npupoabt YNOMAHYTLIX Pa3pbiBOB a3kl TO OHa,
NO-BUAMMOMY, B TOM UNK WMHOM CTEneHW ONpenenAeTcA NpoLeccaMmn, rMpoxoan-
WMMK B UCTOMHUKE CurHana (T.e. B ovare 3eMneTpACEHUA) , CBOMCTBaMM Cpeas!,
nepeAaloLei CUrHan W, HaKoHeL, NPOLECCamMu B PErUCTRMPYIOLLEN annapaType.
Ovcroaa BeITEKaeT, YTO Pa3pbiBbl hasbl U NOPOXAIEMbIE MU BLICOKOYACTOTHLIE
BUEHNA CoAEPXKAT UHIPOPMAUUIO O NepPeMUCNEHHbIX BhILWe NPOLECcax,

CneaoBaTeNibHO, MNPOUEAYPY CIrNaXXUBaHUA MOXHO PacCMaTpUBaTh € TOUKM
3peHNA YAANEHWA U3 UCXOAHOMC aMNNUTYRHONO CMEKTPA WHGOPMAUWM, BHOCK-
MOV TYAa PaspbiBHbIMU NPOLECCAMU, He CBR3aHHbIMU € U3nyecKoik npupoaon
uaydaemoro aeneHuA. Obuwiee oNUCaWue TaKoOro Poaa MPoUEccos, Mo-BUAWMO-
My, B npuHuune Heso3MoxHo. OaHaKo uenecoobGpasHeIM ABNAETCA ONUCaHUE
anropuTMa CraaxiMBaHuA, NO3BONAIOWEr0 BapkVPOBaTk CTeneHs CrAaXMBaHWUA
YCXOAHOTO CreKTPa M TeM CaMbtM OBEeCTeYnBaoWEr 0 YaaneHue BIMAHUA  TaKux
NPOUECCOB MPU KAXKAOM KOHKPETHOM WX ONUCaHUK,

Npeanonaraembiit anrOPUTM rOMOMOPMPHOrO CrNaX»MBaHWUA CNeKTPOR ceic-
MUYEC KMX CHTHANOB UMEET CNeAYIWui Bua.

1. Onpeaenenne NpeobpazosaHua dypee Z (f) UKCXOAHOTO  perucTpupyemoro
currana Z{t): Z{f) = F{Z(t}},rae F{. . .}— cumBon npeo6pazosaHun Oypee.

2. MonyyeHune CNeKTPa UCXOAHOTO curHana P (f):

P =1Z(AI.

3. Jlorapudmuposalue nonydeHHoro crniektpa P(f): Z{f} = InP{f}.

4. NpeobpasosaHue Gypee byrkumn Z(f): K(E) = F{Z(f)}.

5. dunbTpauma dyHkumn K (£) ¢ nomowbio dynkumnn n{E), £ > 0, rae nikg)
ONpeaenAeTCA COOTHOLEHUAMA

= 0!|£l>£0'
"7(20)*{ 1’|£]<£0‘

6. O6patHoe npeobpazosarue Pypee yHkumm K (£):
Zy (A =F1{K, ),

rae F71{ ... }— cumBon o6paTHoro npeobpasosarus Dypoe.

7. NonyveHue crnaxeHHoro cnexTpa Py (f)c NOMOWBIO NOTERLMPOBAHWUA
thyrkuunun Zy {f): Py (f) = exp(Z; ().

BapsupoBaHne cteneHn CrnaxueaHuA AaHHbIM airOPUTMOM AOCTUraeTcs us-
MeHeHueM napameTpa dvnbTpaumu £y: yBenuueHue napamertpa NPUBOAUT K
YMEeHsLLenUuo adxheKTa CraaxxuBaHuA, a yMeHblueHue napametpa £, BefeT K yBe-
fvdennio crnaxusaowero adxpexkta. HekoTopsie NPpaKTHUYeCKUe PeEKOMeHAaUUU
no BuiBopy napametpa £, Mbl NPUBEAEM HUXKE.

OnHum U3 KpuTepues, xapaKTepuayoumm 3hHEKTUBHOCTL CrADKUBAHYA,
ABNAETCA U3MeHeHUe hOPMbI VCXORHOI0 CHUrHana, BOCCTAHOBMEHHOTO CO Crna-
XeHHbIM CReKTpoM. B Hawem cnyuae anroputM BOCCTAHOBREHWA UMEeT Cre-
AYiowmin eug: \{

1. Nonyuekne thazororo cnextpa & (f) ucxoaHoro curxana Z (t).

2. O6patHoe npeobpasoBanne Oypwe yHkuun, obnagacwen amnanTya-
HbiM P, (f) 1 thazoBeiM cnexTpom B () :

Z1(8) = FH{Py {t) exp (i D (1))
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P n ¢ 6.17. Mpadhmk wnCXO/QHOro curHana
(2, BHM3Y), ero aMnauTyaHbiA cnekTp (3,
Bsepxy) , BApUALMK CTrNaxueaowero addexTa
33 CYET W3IMEHEHWA NAPaMeTPa (unbTpauuv.
{6—3) : BHMaAy — BOCCTAHOBIIEHHBIW NOCNE
CrnaMvBaHUA MCXOAHbIA curnan z, (t); B ce-
peAvNE ~ CINaXeHHbIn cnexwp P, {f); Buu-
3y — rpadmk dyHeumm K(g) ;

7 — rpavuua duneTpauun, onpeaenAeman
3apaHnueM napametpa £, (ero 3Hauewwe noka-
3aHO nepeMednoi M ; R — 3aneprua, suibpackl-
BaeMan MNbTPaunen, nNo OTHOLLEHWIO K CYM-

MAPHOM




PaccMOTpUM Ternepe MNPaKTUMECKWA NPUMEP UCNONL30BaHWA NPeAnoXeH-
HOro anroputma romMomopdHoro crnaxusanuA. Ha puc. 6.17,a BHU3y pac-
NonoxeH rpaduk UCXOAHOFO CUrHana AnvHow 8 2048 otcyeTos. BepxHAR yacTs
3TOro PUCYHKa COAEPXUT rpadinik CAeKTPa 3TOro UCXOAHOIO CurHana 8 6unora-
pudbmMmuieckom MacwiTabe ¢ guanazodom yvacrot ot 0,1 go 1000 Fu. Yacrora
umthposku 200 Tu. Puc. 6,17,6—~0 uARICCTPUPYET BapUaunmk CrnaXku Baowero
athexTa 33 cuer nameHeHmA napameTpa £,. MopRaok pasMewleHun uHdopma-
UMK CREeAYIOWMIA. HMKHAA 4aCTb COAEPX¥MT BOCCTAHOBNEHHbIA NOCAe Crnaxmu-
BAHUA MCXOAHLIA CUrHan Z; (t), CPeaHRA 4acTb COAEPMMT CraaXeHHbIn CneKkTp
P {f} B BunorapucMuseckoM maciiTabe u, HaKoHey, B BepxHeW 4a8CTHM HaXO-
antca rpaduk hyrkunn K{E}, LITPUXNYHKTUPHAEA NUHWMA HAa 3TOM NOCNeAHEM
rpapuKe yKasbiBaeT rpaHully ¢unbTpauumn, ONpeaenAemMyid 3anaHuem napa-
meTpa £g. 3HaueHue aTOro napameTpa £y, BoIPAKEHHOE B YuCle OTcyeTos, CO06
waetcA nepemendHod V. MepemenHana A yKaswiBaeT 40Nk 3Heprum, sbibpacsl-
BaeMoi vnbtpauuen M3 K({£), no OTHOWEMWMIO K CyMMapHoW. AHamm3upys
PUCYHOK, MOXHO NPUATH K CReAYIOUUM BbIBORAM:

1. Bcro ofnacts onpeneneHuA yHkuum K (£} MoXxHO pa3buTb Ha 4Be Noao6-
nactu S'u ST, xapakTepusylOwWMeECA CReAYIOWUMM NpU3HaKamu. 3HayeHuA
byHKuMn K (£ ) Ha S He NpeBOCXOAAT ORHOW AECATON OT MAKCUMANLHOrO 3Ha-
ueHuA K 1{£), a 3mavennA dyHkumm K (£) Ha S* NpPeBOCXOART 3Ty Benuumny.

2. 06Hynenve 3naueHuis dyrkumn K(§), wmeowmnx cBoei obnacTbio onpe-
aeneHuA ST, He NPMBOAWMT K 3HAUMTENbHLIM MCKaKEHWAM UCXOAHOrO CUrHana.
ApyruMu cnosamu, NpuBeaeHHBLIV anrOpUTM CrA@XMBaHWMA MOMHO CuYMTaTh
YCTOMUMBBIM MO OTHOWEHUIO K U3MeHeHUo napametpa £ npu ycnoBuu, uTo
£ He BbiXOAMT 32 npeaenst S

3. Koudurypauma ¢imnsTpa oOnNpeaenrReTcR B3aUMHbIM  PacnONOXeHuem
S'us

MNepequcneHHoe MO2BONAET 3aKMOYnTh, 4TQ BuIGOP MapamMerpa crnawvsa-
HWA £o B nepEOM NPUEMOKeHUM uenecoobpasHo ONpegenATs MecTONoNOXe-
HUEM TpaHuUbl MexAy ST 1 S Ha rpaduke dyHrumu K (£).

BO3MOXHO, YTO NpuUBneveHne CneuuansHsiXx MeTOAOB, HaNpUMep CTaTUCTU-
YeCKMX, NO3BONUT OCYLIECTBUTL pansHenwywo AudihepeHymnauuio obnactu
ST, uTo naer Gonee MHBOpPMaTUBHYIO hunbTpauuio dyHKkuum K ()8 cMbiche
onpeaener A hii3u4eciKon MPUPOAbt NPOUECCOB, YIOMAHABWNXCA Bbillie.

B uenoMm, Ha HaW B3rnNAZ, PacCMOTPEHHBIM NPUMEP PEeanu3aumi anropuTma
{puc. 6.17) wvnmocTpUpyeT AosonNLHO 3thdeKTUBHOE U NepcneKTUBHOE WC-
NOMb30BaHUE TAKOrQ CTrAAKUBAHWUA PErUCTPUPYEMBIX CEACMUYECKUX CUTHE-
noe. Mcnonwb3oBaHne AaHHOrQ anropuTma Mo3BONAET ONPEAEenATL, Hanpumep,
Pa3HOCTHBIE CMEKTPbl PErMCTPUPYeMbIX BpeMeHHbix pRaos [192], nepepatou-
Hbie (QYHKUMU peakuMW COOPYXKEHUH HA peanbHbie BO3ZAEHCTBUA, 3 TaKKe W
Apyrue xapaxrepuchM, CBAR3a@aHHbLIE CO CﬂeKTpaﬂthlMM OUueHKamMu DGFMCT‘
PUPYeMbIX CHFHANOB.

B 3aKnioueHue OTMETUM, 4YTO Peanu3auran NMPEeAnoXeHHOro anropuTMa Ha
3BM ¢ uncnonb3osannem 6Goictporo npeobpazoBaHnA dypbe He npeacTasnAeT
3HAYUTENbHBIX TPYAHOCT €.

6.6. TPUMEHEHWE PACYETHbLIX METOAOB
ANA NPOTHO3A KONEBAHUA FPYHTOB

PacyeTHbie MeTOAbl B KOMMMEKCe C WHCTPYMEHTANbHbIMU yXe tLApPOKO
UCTIONMbL30BaKL!I ANA OUEHKHW napameTpos konebGaHui rPYHTOB, BKAO4aA Beu-
HOMEP3Nble, RUH3bI MEP3NOThl B OGNACTAX PacnpOCTPaHEHUA TanbiX PYHTOB
npy nposeacHny CMP kak B BocToyron Cwbupu, Tak ¥ aiMayHbiX LeHTPOB
MHP.
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MpMEHEHUWIO pacueTHBIX METOAOB B CENCMUYECKOM MVIKPOpPaioHWpoga-
WM B HACTOAWEE BPEMA MNPENATCTBYIOT CYLIECTBEHHble HEAOPaBOTKU MEeTo-
avkut ux npumeHenun. Ograko nepcnexTusHoCTs 3Tux Metoaos npu CMP
HecoMHenHa. OHu Kak Havbonee onepaTusHbie ¥ MeHee Tpyadoemkue 6yayr,
OYEBMAHO, BCE LUMPE NPUMEHATLCA ANA OUEHKM CEHCMOONACcHOCTA KOpPEeHHbIX
CUCTEM TPYHT—COODY)X€HWE, TaK KAaK K HACTOALWEMY BPEMEHV HaKonneW He-
0CNOPVMBIA OMBIT, CBUAETENLCTBYIOUMA O TOM, 4TO BAnNnbHOCTH OAHO3HA4HO
He onpeaenAeT CEACMUYECKYI0 ONACHOCTL KoneBaHuiA TPYHTOB fpy 3emneTpA-
CEBHWAX PACHETHON MHTEHCUBHOCTU.N [IFIA -NPOEKTUPOBAHUA CEACMOCTONKUX CO-
OpY>eHWA HeOBXOAMME! AaHHble O NPeobnajaloWyMX YacToTax MPU CHABHBIX
3eMNETPACEHURX, O ANMTENbHOCTM KoneGanui, dopme cnexTpoB KonebaHui
u apyrue. PacueT OTBeTCTBEHHbIX COODPYXeHUi pPeKOMeHAYETCA NpoBOANTS
HeNOCPeACTBEHHO C UCNONL3OBAHVEM &KCENeporpamMm CUMbHBIX 3eMNeTpace-
HWI, MOCKONLKY YacTOTHBIW COCTaB kKonebanui nNpu cnabbix 3emAeTPACEHUAX,
opMa ux CNEKTPOB He COOTBETCTBYIOT CNEKTPankHOMY cocTaBy KoneGanui
NpY CUABHBIX 3BMNETPACEHUAX.

B HacToAileM pa3fiene CUCTeMaTU3UPOBAHO MPUMEHEHWE PacyeTHhIX METO-
008, NPUBOAWTCA METOAMKA WUCNONL3OBAHMA WX PE3YNLTATOB NPU OUEHKE Ced-
CMMUYECKOW OMACHOCTM W CONOCTaBNEeHME C 3KCNEPUMEHTANbHLIMK AaHHbIMMU,
Mpu 3a0aHHOM BO3MYLLAKOILEM BO3AeWCTBUM peakunA cnor (nauku cnoes)
OnpeaenAeTcA €ro YRpyrumu NapamMeTpammn, MOLUWHOCTBIO, Yriamyv naaeHuA.
flockoneKy B peanbHO? cpege NPOMCXOAUT ANCCUMNAUMA KOnebaTensHou 3vep-
MW, TO CNEAYeT yunThIBaTb U AOGPOTHOCTH Cpeabl, TaK KaK OT 3TOrO napamer-
pa 3aBUCAT PE3OHaHCHble CBOMCTBA FPYHTOB (cM. paspenst 6.1, 6.5} .

B HacTOALIEE BPEMA UMEETCA AOCTATOYHOE YUCNO NPOrpamMm pacueta Ha 3BM
aMNAUTYAHO-YECTOTHOrO cOCTaBa KonebaHul Ha AHEBHOW NOBEPXHOCTW CnoA
(nauku crnoes), pe3OHaHCHLIX 4acToT KoneGaHui cnoes. AnA nnockonapan-
NENbHEIX CMOEB C YYeTOM 3aTyxaHuAa Haubonee pa3paboTaHHON ABAARETCA Npo-
rpamma J1.U. Patunoson [154]. MeToa KOHEwHbIX 3NeMeHTOB, WCNONb3yH-
WWiA Te e napameTpbl FPaAMEHTHON CPeAbl, AaeT BO3IMOXHOCTh PACCHUTBI-
8aTk ee KoneBaHWA NpWU HenapannensHoMm 3aneraHuu cnoes [34]. UncneHHble
METOAbI MpeAnaraeTcA NPUMEHATL ANA OnNeaeneHWA npeobnaparowwmx nepuo-
A0B KoneGaHui cnoee Ha NONYNPOCTPAEHC.Be, CNeKTPansHhiX XapakTepUCTUK,
akceneporpamMm, NpypatueHnin 6annbHOCTH.

AnAa oueMkn BO3MOXHOCTEM pacueTHbIx meToaoB CMP HeoBxoAuMO yka-
33Th Ha WX OCHOBHbLIE HEAOCTaTKKW U AONYUWEHWA B MCXOAHBLIX AaHHbIX. [pu
CUMBHLIX 3eMNETPACEHUAX, aKCNEPOrpaMMbl KOTOPBIX WCNONL3YIOTCA B pac-
YeTe, HabnlopaloTeA ocTaTouHble fedopmaumn [142]. PacueTbl ke BeAYTCA ¢
UCNONb30BAHUEM METOAOB AWHEWHOW YNPYFOCTW, T.e. B CYL,HOCTM ANA Cpef,
B KOTOpbIX PAacnpoOCTPaHAKTCA cnabule koneBaHua. Bce pasivyve B BO3AEH-
CTBMN CRabbiX W CUNbHBIX 3@MINETPACEHWIA CROAMTCA K Pasnuuuio amnnvTya
Konebanui u 4acToT. M3ameHeMWA YNPyrux napamMeTpoB Cpef W 3aTYXaHuA
YUPYruX BOAH He yuuTbIBaOTCA. JUHAMWYHOCTB Cpefbl Npu cAabbix v cunb
HbIX BO3AENCTBMAX C WCNONBL30BAHMEM CYLLECTBYIOWMNX PACHETHLIX METOLOB
OCTaeTCA HeudMeHHOM. JTOT HEAOCTATOK O6WMIA, OH OTHOCUTCA W K VHCTPY-
MEHTANLHLIM METOAaM, MCTIONL3YIOWMM cnabble BO3MYWEHNA,

BTOposi HepocTaToK pacueTHbIX METOAOS CBOAMTCA K HeydeTy ‘'MyTHOCT'!
Cpeabl [123]. MokansHble HEOAHOPOAHOCTY CPEALI NPW WCMONL3OBAHMU WH-
CTPYMEHTanbHLIX METOROB BLIRBAAIOTCA € MCNOMNL30BAHUEM CTAaTUCTUHECKMNX
MeTtonos [136]. Npu 3T0M OLeHVBAIOTCA BEPOATHOCTHbIE NapaMeTpsl Kone-
Bannit cpegbl. Manoe KONNMYECTBO HMEKOMNEHHBIX WHCTPYMEHTANbHLIX 3aMMCeN
CMNLHBIX 3eMNETPACEHWIA CYLWECTBEHHO CHWXXaET BO3MOXHOCTh MCMNOAb30Ba-
HUA pacyeTHLIX aKceneporpaMm.

Kpome toro, cnextpaneHbiit cocTas 4 dopma KoneGaHwi CKanbHOro Fpyh-
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Ta6nuya 6:4

CKOpOCTM pacnpocTp [T WX BONH B FPYHTaX
YenoBHuiA " § - In CxopocTs CKopoETh No-
Homep cnon| VIHxeHepHo-reanoruyeckue yeno NOTHOCTY, |nononLHEIX | nepesHbIX
wa mosenn | SYR . rlem BONH, M/C BOMH, M/C
T
1 NEccoBUaHbBIG CYNECH U CYrAnHKK t,87~-1.9 300-640 140-380
¢ BKMIOYEHMEM WEBHA, NECKU Men-
KO3epHUCThIE, NbineBaThie
2 ApecsAHa-webeHncTbie oTroxe- 2,0-2,3 600-1800 200-820
HMA C NECcYaHs!M 33nNONHUTENneM
3 T pewmHHO-06N0 MOYHARA 30HA rpa- 2,3-2,5 1800—-2900 480--1400
HUTO-rHERCOB U MHeincos
4 O680AHEHHBIE NECKW, FPAaBUIHO- 2,2-2,3 1500—-2600 280--800

necYaHo-raneyHsle OTROMXKEHNA C
ApeceRHO-WelGeHUCTbIM 3anonHu-
Tenem

5 ManoTpewmnHoBaTLie rpaHuTo- 2,5-2,7 2800—4200 1080-2300
FHEACHI U THEVCbI

Ta ONPeAEnATCA YNPYrUMK CBOWCTBAMM CPEfbl B O4arax, TEKTOHUYECKUMMK
HEOAHOPOAHOCTAMI CPEAbLl BAOML TPACChi PACMPOCTPAHEHUA CeiACMUYecKUX
BONH W NPU PaBHBIX 3NULEHTPANBHBIX PAcCTOAHUAX — rnybuHoi ovara. Ta-
KM obpazom, ANA BLIBOpa aKceneporpamm KonebaHui cKanbHbIX TPYHTOB
Npu UCMOML30OBAHUKM WX B PACYETHLIX METOAaX HEO6XOAMMLI ChNeunanbHbie me-
CNeaoBaHUA OCOBENHOCTEN OMaroBs 3emsneTpAceHMit u ¢dopMbl KoneBanuii onac-
HOU 043rosoit 30HbLI ANA yuccneayemoro paioHa. BegyTca pacueTbl ¢ ucnonsso-
BaHMem HaBopa WcxoaHbix akceneporpamm [189]. EanHWuHbie pacuyeTHele
akceneporpammel NO3BONAIOT AeNaTe NULIb KAYECTBEHHLIE BbIBOALI O CEACMU-
YecK Ol ONACHOCTN Cpea NPeACTaBNAEMBIMUA MOAENAMMN.

Mo3ToMy Mbi UCNORb3YEM NPU OUEHKE CEICMUYECKOW OMAacHOCTU y4acTKOB
W TPYHTOB, CAYXAWWMX OCHOBAHUEM COODYXKEHUW, pacyeTHbIE METOAbI B KOM-
nneKce ¢ MeToAamMn WHCTPYMEHTaNbHOFO MMKPOPAROHUPOBAHUA. MHCTpYMeH-
TanLHO ONpeAensdeMble CKOPOCTU QOBLEMHbIX CENCMUYECKUX BOMH, MOLLHOCTH

CNOEB PbLIXNbIX TONRWL, MACTHOCTU UCNONB3YIOTCA B KayeCTBe UCXOAHBIX AaHHbIX

B pacyeTHbiXx meToaax. flpuuem AnAa pacveTOB HEOBGXOAUMO U3MePeHue 3TUX
napamMeTpoB A0 KOpeHHbIX NOPOA, B NPOTMBHOM Ciydae Mbl MOXKEM aHanvau-
pPOBaTh TOMLKO OTHOCUMTENLHO BbLICOKOUACTOTHYIO YacTb CREKTpa, B KOTOPO#R
He oTpaxeHbl KonebanuA BCeit PhIXAOW TONWM,

Pe3aynuTaThi ke M3MepeHuit napameTpoB KonebBaHu [PYHTOR UCAONL3YKOTCA
HeNOCPeACTBEHHO ANA ORpefencHus NpupaweHui BannsHocTu. PacueTHsie me
TOAL! A2I0T BO3MOXHOCTL OUEHWTL npeoBagaroume nepuoanl KonebaHuin pbix-
NbiX TONW, CNEKTPaNbHbIA COCTAR, MHTEHCUBHOCTL KoneBanni npu BO3MOXHOM
CUABHOM 3eMneTpAceHnn. CnexTpanbHbIA COCTaB PacHETHbIX aKCENEPOTPaMMm
¥ MaKCMManoHele aMNanTYab! fIO3BOAAIT NN KAYECTBEHHO CYANTb O CEACMU-
4ecKOW onacHocTM rpyHToB. [TpeoBnaaatolline e Nepuoadsbt, KaK COBCTBEHHbie
XapaKTepUCTUKY KOneBaHWit pbIXNbIX TONW, NPY NPOEKTUPOBEHWUN COOPYIKEHUMN,
NO3BONRAIOT U36earn BOZHUKHOREHWA pPE3CHAHCHLIX KONeGaHuwih B cucreme
rPYHT—CcoOpY)eHune, ViccneaoBaHuA CBUAETENLCTBYIOT O TOM, YTO Npeo6napa-
OUMe NepUoabl NPaKTUYECKU He 3aBUCAT OT UCXOAHON akceneporpammel. Ma-
noe snvAHUe Ha npeobnagawwme nepwoabl KonebaHuit OKa3LIBAET ¥ yron NOA-
XOAa BONMbI K rpaHwuam pazgena [52).

PaccMOTpMM pesyAbTaTsl OLEHKM NapameTpoB Konebavumit ¢ uUCnonb3oBa-
HAEM 3KCNEPUMEHTanbHbLIX U PAacYeTHbIX METOAOB Ha MPUMEPAX KOHKDPETHOro
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P un c. 6.18. OBoBwenHan mMoaens cpeabl {a), rpadykn MAMeHEHWA NPUPaLLEHUA Banth-

noctrt {e}, npeoBnaagaoumx nepuopcs (8} M MaKCHMaNsHbIX yCKOPeHsi Konebaruit

AVHENHBIX OCUMANATOPOB € 3aA3HHbIMU NepuoaaMu ¥ 3atyxannamu {6} {ux napameTpsi
cBeneHbl B Tabn, 6.4}

F - NyHKTbl, 408 KOTOPbLIX PACCHN TLIBANNUCH CNEKTPAMbRbIE XGPAKTEPHUCTUKHN M CnexTpst

PESKUWM NUHEAHBIX CUCTEM; 2 — CfOW, BbIAEMENHbIE N0 CKOPOCTAM CEWCMMYECKMX BONH

paspesa B OAHOM W3 aiimauHbix UeHTpoB MHP. Paspes sbibpan Wa ocHosaHuu
cobpanHoi MHAOPMaUMU NO MHIKEHEPHO-TeONOMMYECKUM YCAOBUAM ¥ Cencmu-
yecKuM ceowcTeam (1a6n. 6.4) . OH nepecekan KOPEHHOW CKINOH, NPEAropHLIN
KOHYC BLIHOCA W H3ANOWMEHHYIO Teppacy, 4Tobet oxBatuTL HanBonslee Konu-
4ecTBO PasHOBMAHOCTER rpyHTOB. MOWMHOCTL PLIXNbIX TPYHTOR NO paspesy
yBenuuuBaetcA OT 5 40 37 M, U NO COCTOAHWIO OHW NEPEXORAT OT BO3IAYWHO-
cyxux K BOAOHachiweHnHsIM {puc. 6.18). PesynbtaTel noneewbix u nabopatop-
HBIX U3IMEPEHIUA CeCMUUeCKX CBOWCTR rpyHToB MHP nokasanu, 410 ckopocTv
NIPOAGABHEIX BOMTH 8 CKAaNbHbIX rPyHTax, BAM3KUX N0 CBOUM M3UKO-MEXaHU-
HeCKUM CBOWCTRAM K MOHONMUTHbIM, Nexar B avanasoHe 2,5—~5,5 km/c, 8 rnbibo-
BO-WEBEHUCTbIX TPYHTax OHW MameHmwTca oT 0,6 A0 1,8 Km/c, B cyxux nec-
Ka8X C rpaByvEM W TanbKOW WHTEPBan uU3MeHeHwAa cKopocTeit cocTasnrer 0,3—
0,6 km/c. BoaoHaCbiuleHHbie NECYAHO-rPaBUtHLIE TPYHTB! XapaKTepu3ytoTcA
ckopoctAmmn ot 1,6 a0 2,2 km/c, oBeoaHeHHble TnbiBoeo-uwebeHucTbie rpyH-
Tel ~ 01 2,1 g0 2,5 km/c.

PacveT npupawednin 6annbHOCTH NPOM3BOAUNCA METQAOM aiKYCTUYECKUX Xe-
CTKOCTelA no uasectHon Gopmyne C.B. Mepsegea [110]. Teoperuueckne
CNeKTpanbHble XapaKTepuCTUKW PaccYMTbiBanUCh NO CKOPOCTAM NoNepeyHbixX
BOMH ANA rOPU3OHTaNLHOW KOMNOHEHTLI. B KayecTBe uCXOAHOro CUfrHana wuc-
Nonb3oBanack akceneporpamMma Ha CKaNbHOM OCHOBAHWM 3eMNeTpAceHuAa IAnb-
Uesrpo, CIIA, 3nnuentpansHoe pacctonHve coctaenfet 126 KM, MarHutyaa —
6,7. CnekTpbl peakltiun n aKCeneporpamMmsl PhIXbIX IPYHTOB PacCUMTLIBANUCh
METONOM KOMeuHsIX 3nemeHTOB [34]. PesynsTarel pacueros (puc. 6.18; 6.20)
NOKa3LIBAT, YTO NpUpaweHviA BanNbHOCTU OTHOCWUTENLHO CKAaNLHOTO rPYHTA
MeHRKTCA no paspesy ot 0 go 2,2 6anna (puc. 6.18) . Ceilcmnyeckan onacHocTs
NpU nepexone OT TPEWMHOBATHLIX CKAnbHbIX K PbiXNbIM, BO3AYWHO-CYXUM W
BOAOHACKIWIEHHBIM NECYAHbIM FPYHTAM YBEnu4Baerca,

33BMCHMMOCTL UHTEHCUBHOCTV KONeBaHWit FPYHTOB OT 4acCTOTbl NOKa3biBaeT
{puc. 6,19}, uto CREeKTPaNbHAA XapaKTepucTuka B MNYHKTe 7 umeeT xapakrep-
HY ANA cKanbHOro OcHOBaHWA (GOPMY U NPBKTUYECKW HE MEHRET CBOU 3Have-
HWR C U3meHeHeM 4acToThl, C yBEnuYeHMEM MOLLHOCTM PbIXAbiX OTNOXEHUA Ha
CNEXTPaNsHuIX KpUBLIX HOPMUPYIOTCA MaKCUMYMbI, NEPEMEWaloILMECH B HU3-
Ko4YacToTHyto oBnacte. CnekTpansHam KpURAA B MYMKTe 2 UMEeT OCHOBHOW
MaKkcumym Ha wacTtoTe 13 My, B nyHkTe 3 — Ha vactote 3,6 Ny, B NnyHkTe 4 —
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P 1 c. 6.19. CnexTpanenbie xapaktepncTukn (3) u cnextpsl peakunwn (6) , paccumTanHbie
ane nynkTos 7—4 (pue. 6.18)
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P« c. 6.20. Mpumept PaCHETHLIX aKCeNepOrPaMM
a — ans 1-ro nyHukTa v § — ana 4.ro lpuc, 6.18}

Ha yactoTe 3 Tu. C yBenuuyeHnemM MOLIHOCTH BepPXHEro CROA PhiXAbiX OTACKE
HWH NpeobnapaoLlan YacToTa KoneGaHUn YMeHbLIAETCA,

B npuknagHom ceiticmonorun 3ta uHdOpMauvA MoXeT GbiTe MCnonb3opana
4NA BbIACNEHUA Havbonee OMacHbIX 4acToT, NPUCYTCTBYIOUMX B CNeKTpe 3emne
TPACEHUA U X3aPaKTepHbIX ANA [aHHOIQ 3aneraHunA TPYHTOB. To ectb Kpwaan
V3MEeHEHWA MpupauwlednnA GannsbHOCTH N0 NPODMAID AONORHAETCA rpadinKoM
33BUCUMOCTH  PE3OHAHCHLIX 4YaCTOT pa3pe3a OT NOMOXKEHWA MYHKTa PacyeTa
{puc. 6.18) .

OTHOCUTENEHLIR YPOBeHL CNEKTPOB PEAKUAM ANA FPYHTOBLIX YCROBWA B
nyHkTax 7—4 (puc. 6.19,6) paccumTeiBanca.anA 3aryxauwn, pasHoro 0,1, uTo
COOTBETCTBYET 3HAUEHUAM 3aTYXAHWA peanbHuIX CUCTEM [PYHT—COOPYXeHUE.

154

e




Tabnuya 65
MapameTPLt rPYHTOS MOAGNY ANA PACYATA CNEKTPANSHBIX XAPAKTBPUCTUK

Homep
CocToR- nyHKTa
Homep MO | yye rpyn- Tpymr uabnwoge-| Vo MIC | Vo, mic |t rfem®| A m
aenv Ta HUM no
pwc, 6.21
| Bosaayw- Banyuso-ra- 1 800 350 1.7 21
HO-CY- nevYHbie 2 800 350 1,7 9,3
xue 3 800 350 1.7 24
panuTt 1 4200 2350 286
2 4200 2350 2,6
3 4200 2350 26
1l BoaoHa- /BanyHMo-ra- 1 800 350 1,7 3
ChiLeH- neynsle, 8bi- 3 800 350 1,7 3
HbI& we YrB
BanyHwuo-ra- 1 1760 420 19 18
NevYHbIE, HU- 2 1760 420 19 21
we YIB 3 1760 420 1.9 9.8
T pauuT 1 4200 2380 2,6
2 4200 2350 2,6
3 4200 2350 2,6
Il Mepsnbie BanyvHo-ra- . 1 800 350 1,7 3
neuxbie {cnow 3 800 350 1,7 3
Ce30HHOrO OT-
TauBaHuA }
BanyH#o-ra- 1 3240 1750 2.0 18
neyubie (mep- 3 3240 1750 2,0 21
anble)
pamunT 1 4200 2350 2,6
3 4200 2350 2,6

OTmedaeTcA xopoulee KaveCTBEHHOE COTNacue 3TMX AaHHbIX C Pe3ynbTatamu
PacyeToB CMEeKTPanbHbiX XapakTepucTuk rpyHToe (puc. 86.19,3) cnexTpwl pe-
aKkumn npu nepexone oT NyHKTa 7 K NyHKTY 4 060rallaiTcA HU3KOMaCcTOTHSI-
MW COCTaBNAIOWMMM, B TO BPEMA KK RAMHHONEPMOAHAA 4aCTL CMEKTpa Cylue-
CTBEHHO NOHMKAETCA. '

[aHHble pesynbTaThl MOrYT HailTW HENOCPEACTEEHHOE OTpaxeHue Npw npoex-
TMposaHvn  3acTpoiikn moboro u3yyaeMoro pavowa, Hanpumep, nATUITaX-
Hblil XUNOK BOM, KOTOPLIM XaPaKTEpU3yeTcA COBCTBEHHLIM NEpUoAOM Kone
BaHui nopApka 0,2 c, BydeT HaxoamTbcA B GONee BbIrOGHBIX CEACMUYECKUX
YCnoBuAx B nyMkTax 3—4, B TO BpemMA KaK KapkacHoe, rM6Koe BbICOTHOE
3aarue ¢ coberseHHeiM nepuogom KonebaHuit 0,8 ¢ Gygrer sectu ceba ycroi-
“MBee NPU 3eMNETPACEHUM B NyHKTe 7. 3TV PacyeThl MOryT GbiTh Npeacvasne-
Hbl B BuAe CeMeNCTBa KPUBbLIX, AOMOMHAIUWAX YiKe BBEAEHHYIO WH(OPMAaLMIO
0 ceficMuveckon onacHocTH rpyHToBs (puc. 6.18). '

3aBUCUMOCTL YCKOpPEHWI KOANEeBaHKWn TPYHTOB OT Nepuoaa PacCHATbIBanach
no axceneporpamme semnetpAcedud KepH-Kaywru, 3anvcanHoro 8 [accapene
Ha CKanbHOM OCHOBaHMK. JnwueHTpansHoe paccTomrHne 126 xm, M =7,7. 310
3eMneTpAceHve UMeeT OAWH APKO BhIPAKEHHEIM MaKcumym Ha nepuoae 0,55 c.
W3menenva oTHocuTenbHbIx YCKOPEHWUA aKCeneporpamm, pacciUTaHHbiX ANA
NyhKToB 7—4 Mccneayemoro paiioHa OT MAKCHMANLHOW BenUYnHbLI B 330GHHOW
axceneporpamMe, pacnpeaeneHsl cneayiownm obpasom: 1,6: 1,65; 1,52; 1,48,
Npumepht pacyeTHbIx axceneporpamMMm B 7 1 4 nyHKTax npusefieHb) Ha puc. 6.20.
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P we. 6.21, Mopens cpeaws (@), mamenenve npupawennn GannviocTy (@) v npeotnaaaiowmx
nepuogos {6) npu nepexose NuH3 mepanotsl {71} B Tanoe eoaaywHocyxoe (/) u soao-
Hackituennoe (//) coctoanme
7 — YPOREHb IPYHTOBbIX BOA; 2 — rpaHWila BEYHOMEP3AbLIX FPYHTOB; 3 — nUTONory-
yecKan rpanvua; 4 — rnbiBoBO-BanyHHO-rangyHo-webeHncTbiE FPYHTbE C NECYaHbiM 3an0NHN-
TeneM; § — BaNYHHO-raNevHUKOBLIM FPYHT € MECY4aHblM 320QNHMTENEM, § — rpPaHUTb);
7 — anA Tex e TOYeK MOLENnn npueejfeHsl napameTpsl cpeasl 8 7abn. 6.5, Toyxku Ha no-
BEPXHOCTU — NyHKTbl HabnwaeHun 1—4

Kak y»e yka3bisanocb Benue, Hanfionee HagexHO ONPEANAIOTCA PAcYeTHLI-
MU MeToaaMKu npeobnapalowive nepuoabl KonebaHuiA rpyHTOB. ,ITH AaHHLIE
HaMKU UCTONb3YIOTCA NPU COCTaBREHWE KapT M CXeM CeMCMMYECKOrOo MUKPO-
paioHMpoBaHUA. PacCMOTPUM pe3ynsTaThl NPUMEHEHUA PacyYeTHoIX METOAOB
K U3YYEHUIO CeNCMUUYecKUX CBOWNCTB TPYHTOB C BKJIIOYEHMEM AUH3 Mep3foThl
NpU YCnoSUU COXPaHEeHWA Mep3NOTHbIX YCNOBWK W NPOrHO3 CeHCMMUYECKUX
CBOWCTB NPU YHUYTOKEHUM Mep3noTel (CM. puc. 6.21). MyHKTel, ANA KOTO-
pbiX NPOU3IBOAUNCA pacueT, BbiGparbl TakK, uTOObI OXBATUTE MPYHTBI pPasnuy-
HO# MOLIHOCTU KakK ¢ BKNIO4EHWEM NIUH3 MEp3noTh!, TaK ¥ TanbiX rPyHTOB.
OnucaHue rpyHTOB, CKOPOCTH PacNpOCTPaHEHUA YNPYrux BONH ANA eCTecTBeH-
HOTO, Tanoro, o6B0AHEHHOro W CYXOro COCTORHWMW, 3 TakKxe NMNOTHOCTU FPYH-
TOB npuBeneHbl B Tabn. 6.5, Mepnoab koneBaxinit rpyHTOR 8 NyHkTax 7 n 3
{nuH3b1 Mep3noTbl) Npu OTTaWBAHUM YBERUYUBAIOTCA B 2 pa3za. ANR mMepansiX
rPYHTOB NpupaweHuAa H6annsHocTu paeHbl 0,5 6anna. Mpupawesua 6annsHOCTH
IpU OTTaMBaHWW rPYHTOB BO BRAXKHOM COCTOAHUW COCTaBAAICT okono 2 6Gan-
NOB, B CYXOM Tanom cocToAHun 1,5 Banna.

OAHAaKo pacyeTHbie CreKTpbt PeakuMd ANA FPYHTOB B Tanom O6BOAHEH-
HOM W CYXOM coctosHuAX (puc. 6.22) no cBOMM YPOBHAM NpaKTU4YECKH
He pPasnuUualoTcA. B 3tux cnyvaAax (Npy OTTamBaHWM MEp3anoThl) HyXKHE AO-
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P uc.6.22. CnexTpel peakumun rpyHTos anAa r.ydktos F—4 (cm. puc. 8.21)
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P n¢. 8.23. Ceitcmorpammer {a), cnextpel (5} 1 aMnauTyAHO-4CTOTHBIE X3PAKTEPUCTUKNA
le) wone6annir rpyHToB MOWHOCTEIO 27 M UF n 70 M (/] ¥ NoACTMNAOLIMX UX CKaflbHbIX
OCHOBaHWMM

7 — ceicmarpammel v CNEKTPLl FPYHTOB; 2 — CEACMOrPammbl ¥ CMIEKTPBL! CKanbHOro
OCHORAHMA, 3-4 ~— pacueTHbie W 3KCNEPUMEHTaNbHBIE (COOTBETCTHEHHO) aMANNTYAHO-
4aCTOTHLIE XapaKTePUcTUku KonebsHui rpyHrToe



S, mn s

Vi -

\
Vi “ YA

G = TTI /e
p=r82/c0”

| o » 678 mjc
=202/
=AM fc
=2 1z/cm?

,fz

-

=S
f, 2,22/em?

)| Al L |

1
/ V4 4 Y4 5%

P u c. 6,24, CnexTpbl konebannid cranbHoro (7} u peixnoro rpyuros (2} npu zemnetpace-
Hum (K =9, A= 100 kM) 1 crekTpanbHble XapakTEePUCTMKKN CNOA PbIXNTbIX OTNOXEHUH —
axkcnepuMenTanbhan {3} u pacuetHar 4)

Ha Bpeszke nokasaH CKOPOCTHON Paape3 CPeAbl B MYHKTE HaBnwoaeHUA

paboTKa MeTOAUKM PacYeTHbLIX MEeTOA08, ¢ TeM 4ToBkl AaBaTe O6BEKTUBHYIO
OUEHKY CEMCMUYECKNUX CBOWCTB CyXHUX M OBBOAHEHHEIX FPYHTOSB.

ONA ananu3a BO3MOXHOCTEN pacYeTHbIX METOAOB UM NPeAenoB WX npume-
HUMOCTH HEOBX0AUMO CpaBHeHWE C 3IKCNEPUMEHTANbHbIMU AaHHbIMU. Y Hac
Oblna BO3MOXHOCTb NONYYMTh 3anuck KonebaHwil rpyHTa nNpu espeiBe B OA-
HOM C/ly4ae Ha NOBEPXHOCTH PbIXNbIX OTNOXKEHUA MOWHOCTEIO 27 M W OAHO-
BPEMEHHO (0T 3TOFO >Xe B3pPblBa) HA CK3ANbHOM OCHOBAHWW, MORCTUNAIOLLEM

3t otnoxeHun (cm. puc. 6.23,a/). B apyrom cnyuae nogobHele 3anucu yaa- .

NOCh OCYULECTBWTL, KOTAd MOWHOCTL OTAOKeERWA coctaanAna 70 m  (pwc.
6.23, all).

Mo cnekTpam 3aperucTpmpoBaHHsIX KonebaHwit oNpefeneHsl aMANUTyRHO-
Y4aCTOTHbIE XapaKTepucTUKK rpyHTos. Cpedy B nyHkTe HaBmoaeHns 7 MOXHO
MOAENMPOBaTL KaK OAHOCINONHYIO HA YNpYrom nonynpocTpancrae. Cxopoctn
B8 cnoe V,, = 4600 m/c, V= 2500 m/c, nnotHocTe 2,6 r/cm”, mowHocTe 16 M.
Cpeay B nyHkTe // MOXHO paccMmaTpueaTbh AsyxcnoWHoi. B nepeom cnoe cko-
POCTY NPOAONBLHBIX W NOMEepedHsIX BOAH COCTABNAIKY COOTBeTcTBeHHo 2200
¥ 1100 m/c, nnotHocts — 2,5 rfcm®, mowHocTs 8 M. Bo BTOPOM croe — CKo-
poctm P n S sonH paeHel 3400 m/c u 1800 m/c COOTBETCTBEHHO, NMOTHOCTL
2,6 r/cM®, mowHocTs cnoR cocvasnAer 12 m. MapameTpel ynpyroro nong
npocTpaHcTBa cneaylowme: V, = 5100 m/c, V= 3000 m/c, nnoTHocTe 2,7 riem”.

No nporpamme f.U. PaanKosou [153] NpoBeaeH pacyer CNeKTPanbHbIX
XAPAKTEPUCTUK B NYHKTax / 1 H "vrxerepHon’ oBnactv vactoT{go 10—12 TTu}.
M3 cONOCTasneHWA 3IKCMEepPMMEHTaRAbHBIX K PAcYETHBIX CREKTPankHbIX XapaKk-
TEPUCTHK MOXKHO CAenate BuiBof 00 YAOBNETBOPUTENLHOM WX COBNAAEHAW.
3aech HEOBXOAUMO MOAYEPKHYTbL, YTO ONWCAHHBLIA 3IKCMEPUMEHT NPOBOAWUNCA
8 YyCnoBUAX cNabo BbIPaXEHHOro Pe30HaHCa B TOHKOCNOWCTOW Cpeae, No3To-
MYy peweHue OCHOBHOK 3aaauv {conocTaesneHmne NONOXKEHNA IKCMEePUMeHTanb-
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P nc. 6.25 Teopetuueckue (I) u 3xkcnepumentaneqbie (2} CnekTpansHsie XapaKTepucTn-
KW CNOA PbIXNbIX OTAGKEHWA
NyHxkpom noxasad 95%-Heid AOBEPUTENbHLIA MHTEPBAN; Ha BPe3Kkax — Pa3pesb) cpeab!
8 nyHKTax Habno aenwit

HO HaBMIOAAEMOro MAaKCUMYMa 4aCTOT XApPaKTepUCTUKU PYHTOB ¥ PacHeTHbIX
cNeKTpanbHbIX KPUBbIX) He AOCTUrHYTO. B cBA3M € 3TuM B paioHe ¢ xOpowWwo
U3YYEHHBIMKM TPYHTOBBIMK yCnoBUAMKM Bbinu Oprannsosanbl HabnogeHua 3a
6AnzkuMKU cRabbiMy 3eMAETPACEHMAMU Ha BHIXOAAX KOPeHHbIX nopoa {3Ta-
NOHHBIA NYHKT HabnoAeHWA) U B TpeX RYHKTaX, PachofOMeHHbIX Ha cnoe
pBIXAbIX OTNOXeHWW. Pa3zpeani cpelbl Noj KaxAbIM W3 NYHKTOB, COCTaBfnieH-
Hbie NO AaHHbIM GYPEHWA U NONeBOW CeCMOpasBEAKW, NPEACTABNEHbl H3 PUC.
6.24 1 6.25.

Pacuer CnexTpOR 3eMNETPACEHWA W OTHOCUTENbHBLIX 4acTOTHBIX XapaKTe-
PUCTMK ANA KaXAOTO U3 MYHKTOB NPOBOAMANCA B COOTEBETCTBUM € TPeGOBaHU-
AMU, n3noXKeHHbIMM B pasp. 4.1. MpuMep Takoro pacuera npuBeneH Ha puc.
6.24. Ha Bpeske cnnowHoi nuHuen (3) npoBefeHs OTHOCUTENLHAR 4acToT-
HaA xapaKTepuc THKA AaHHOro NYHKTa, ONpefeneHHan 3KCNEPUMEHTANLHO, NYHK-
TupoMm (4) - TeopeTndeckam CReKTpanbHan xapaxTepucTuka. Ha puc. 6.25
npeAcTaBnedbl COOTBETCTBYHOWME NaHHbIe ANA ABYX ApyruxX nyukrtos. [lo
BCEM TpEM NyHKTaM OTYETNMEO NPOCNEXMBAETCA XOpowee COBNageHwe 3Kc-
NEePUMEHTanbHbIX U TEOPETUMECKUX PE3OHAHCHBLIX YAacTOT pbIXAOro cnoA. ¥ po-
BEHb Xe TEOpPeTUYeCKOW CNEeKTPanbHOW XapaKTepPUCTUKKU TPYHTOB MOXeT Cy-
LWECTBEHHO OTAMYATLCR OT 3IKCNEPUMEHTaNLHO HabmogaeMoro. 3To MoXkeT
OBGBLACHATLCA KaK HECOBEPUIEHCTBOM MeTOAa, TaK WM 3aBUCMMOCTBIO erc of
T3KWMX NapameTpoB, KaK AOBPOTHOCTH CpeAbl U yrfibi NOAXOA3, KOTopsie 3a-
Aa10TCA ¢ BONLIWONA CTeneH Lo HEONPEASNEHHOCT .

TakuM 06pasom, MCMONbIOBAHME PACYETHLIX METOAOB B KOMMAEKCE C WH-
CTPYMeEHTanNbHbIMU CrNocoBamiu CeNCMUYECKOr0 MUKPOPaNOHWPORAHUA NO3BO-
NAGT nonyudte Gonee nNONHYK OUEGHKY CeCMAYECKOW OMNAcHOCTM TPYHTOSB.
B nepeyio ouepear 310 onpeaenAETCA BOIMONKHOCTLIO OUEHKWU NPEOBNAAAOLMX
nepuoaos ux koneGaHniA Npu 3eMNETPRCEHWM.



6.7. NPUMEHEHUE YUCNEHHO-AHAMUTUYECKOTO METOOA
NPKU CERCMUYECKOM MUKPOPAROHNPOBAHWU FOPHBIX TEPPUTOPUIA KUPTU3UKU

PaccMOTpeTb BNMAHKE CEMCMUYECKMWX YKECTKOCTEH M MOWIHOCTU CMoeB Pbix-
NbIX OTNOXEHNA U AEKPEMEHTOB 3aTYXaHWA B HMX HA CNEKTpanbHble xapaxKTe-
PUCTUKK TPYHTOB MOXXHO H3 NPUMEpE PEeLUeHUA yNpPOLEHHOR NpAMON 3aaauu.
Takoe wiccnepoOBaHUe BLINOAHEHO ANA FPYHTOBLIX YCNOBUWA TeppuTopuiA Kup-
rm3amn  {HuxHe-AnaapuvHcKkoe soaoxpadmnuwe, 1. foxananabap v nocenok
rapoackoro tuna Opnoeka) .

C npueneveHvem AaHHLIX pazgeaouyHon reodwmsmkm (MOB, KMMB, B33,
03) B Tonwe me30- KaWHO3ONCKUX OTNOXEHWHA, NEPeKpbIBaloLLNX NpoTepo-
30W-NaNec30UCKOe OCHOBaHWE BMaauH, 6biN0 BbLIAENEHO TPU CENCMUAYECKMU
0AHOPOAHLIX CNOA. BepxHuiA CPABHUTENBHO ManNOMOLWHbLIA CNOA, NpeACTaBeH:
HbI CYrMUHKAMX W TaneYHnKamm, OTOXAECTBAAETCA C 30HOM MaNbiX CKOpPO-
CTeA, OTPAHUMYEHHOW CHU3Y, KakK NpPaBWNO, NOBEPXHOCTBIO YPOBHA MPYHTOBbLIX
soa. Cpeanun obbveauHAeT rpy6oOGMOMOUHbIE OTMOXEHAA NnencToueHa ¢
BEPXOB NMUOUEHA, 8 HWKHMIA BKAKYaeT B CcebA NPeMMYUWeCTBEHHO MNecYaHo-
FMHUCTBIE OCAAKW MUOUEHa, ONUroueHa u 3ouena, MeTeporenHoe NPOTEPO3OW-
Naneo3oicKOe OCHOBAHWE BRAAWH NPEACTABNEHO MArMaTUYECKUMU, MeTamopdm-
YECKUMU M NNOTHO CULEMEHTUPOBAHHbLIMU TEPPUTEHHLIMU NOPOAAMY.

Mo pe3ynsTataM uWHTEpNperauMu roaorpathos nepBblX  BCTYRMeHWN, No-
NYYBHHLIX flyTEM MWKPOCEACMO30HAWPOBAHWA, 30Ha ManbiXx CKOPOCTen Xa-
PaKTEPUIYETCR CKOPOCTBIO PagcnpPOCTPaHeHWA MPOAONBHBIX YNPYrnx BONH
o1 300 m/c anA cyxux néccosuaHeix cyrnudkos ao 1100 m/c ana raneyHukos
C necuyaHbIM 3anonHuTenem. CKOPOCTb PacnpocTpaHeHWA NONEpeYHbIX BONH
MeHAeTCA cooTeeTcTaeHHO oT 180 o 600 m/c. MNOTHOCTL 3TUX NOPOA BAPLUPY-
etTor 148024 rlem®. B NOACTUNAOWMX 30HY rPaBUNHO-TANEYHUKOBbIX OTNO-
xeHuAx V|, namenrercA ot 780 po 3000 m/c, a V — o7 450 no 1800 m/c. MnoT-
HOCTH nopoA cocTasnAeT B cpegHem 2,2 r/cm®. 3aneraowme HuKe necuaro-
FAKMHUCTBIE OC3AKM KMMEKT MNNACTOBYID CKOPOCTL PacnNpOCTPaHEHUA MPOAOSib-

HbiX BonH 2200-2600 m/c n nonepeuHsix sonH 1260 m/c, onpeaeneHHyto Y3
cootHowenua Vp/Vs = 1.8. TinotHocTe 3tux nopoa passa 2,4—2,55 r/cm’.

MpaHuuHble CKOPOCTU NPOAONLHLIX BOMIH NO NOBEPXHOCTU NOPOA CKaNLHOro
ocHoBanur kone6notcAa ot 5000 ao 6700 m/c, ckoOpOCTH nonepeyHbIX BONH
2500—3500 m/c. CpeaHAn NNOTHOCTL CKankHbix Nopog, 2,67 ricm®.

C uenbio pudbepeHunaumn Mccneayembix TeppUTOPUIA MO CEMCMUYECKON
ONAacHOCTW petuanack NPAMAEA 3a4ava NOMYYEHWA CNEKTPanbHbIX Xapakrtepu-
CTUK  KONeGaHui rpyHTa Ha AHEBHOW MOBEPXHOCTW NO 3aAaHHLIM  MOAENAM
B NPEANONOXEHWU, 4TO K OCHOBAHWUIG PLIXMION TONWU NOAXOAUT CeHCMUYEC-
KaA BONHA WWPOKOrO CNIeKTpa eAnHMYHOR aMNAUTYAbI.

Mpu atom cobniopaeTcA ycnosue: AONYMNPOCTPAHCTBO U CAON OAHOPOAHbL
¥ W3OTPOMHLI U XapaKTepuzyHTCA napameTpamu oo, Vo, 01, V1. by pa. Vs,

hy:p3, Vi hs, rae p;.V;, b ; ~ NNOTHOCTL, CKOPOCTb U MOLLHOCTS KAXKAOMO CIOA.

Havano KoopaMHaT HaxOAMTCA Ha rPaHuLLe NONYNPOCTPAHCTBA, OCh 2 HaMNpas-
JleHa BBepx NO HaNPaBnReHWI0 nagawwed BonHsl. PacnpocTpaHenwe cecmuyec-
KOW BOMHLI B TAKOW CUCTEME OMUCHLIBAETCA CMEAYIOLMM BOAHOBLIM ypaBHe-
HUEM U IPaHWYHBIMK YCnoBUAMKY [81] :

Fwiot = v? *wrez?,
(Wnau"'worp)z*O" Wiy + W) =0
0 0
£ iz Waa ¥ Worp), 0 = £, P Wy + Wyh), ey,
(Wi, +le’z:h, = (W, +W22’z=h, i
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d ]
Eza—ziwzl +Wisdz o sn, =E3 57(“’31 +Wsql s =p an,

3 v
;(Wan +Wazlz=n +ny+n, =0, {6.4)

roe £; = piV® Wi, Wi, —  pesynbTupymoilee CMelLieHe rpyHTOR B/-mcnoe
B nonoxuTtensHoMm {1) u orpuuatensHom (2) wanpaeneHuAax ocu 2. Pewewue
3anvickiBaeTCA B cneaylowem suae [79, 195] :

W= Aelwl - Z/V)’

rae A — amnnuTyaa 8onHel. TIpu aTOM NONY4aeTCcA CreAYIOWaR CHCTeMa ypasue:
HUA: :

z Zz

P -

iw(r - —) jw(
LV, ). - V,/.
Whan =Agr€ °/; Worp =Aoze /5

Z
ju)(f— —)
Wii =A@ v
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Wi, =A;,e Vs
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By z-h, B, z—h,
iw(rf— - ) /“-’(t"'-" + )
Wi =Ag, e Y Vel Wy, =Agse i Vil
hy hy 2=yt Ry )N
Jw - — ‘_._ — ———
Wiy = Ay e Vs Va Vs H
B, h, z-—(h, +hy)
jw(t+—— + — 4 ————
Wiy =Aj,e i Vs Vs , (6.5)

TRE 0 — KPYroBan YacToTa KOReGaHui; / =  ~1'— MHUMAA eauHuria.

Moacrasus Buipawenne (6.5) 8 sbipakerve (6.4) ¥ NpuHAB aMmnNanTyRy
Napaouwieil BoNHbI pasHOK eawHnle (Agy = 1}, NONYUUM CHCTEMY NUHEAHBLIX
ypasHeHuit. Ee pewedue umeeT Bua Ay = A/l TAE / — HOMep cnoR;s= 1,
2 ~ HanpaeneH1e PacnpPOCTPaHEHUA CEMCMUHECICON BONHBI.

Moy ceicmmyeckom  mMUKpOpaoHMpPOBaHUK HanBOMBILMA MHTepeC fpea-
CTaBnAeT pBuXeHWe rpyHTa B BepXHEM Cnoe , KOTOpPOe B COOTBETCTBUM C Bbipa-
xeHuem (6.5) onpepenseTcA U3 COOTHOWEHUA

Wiz, 1), > ny +n, = War + Wy,

Nocne COOTBETCTBYWOWMX NpeoBpasosaHuii ITO BbipaXeHWe MoOXeT boiTh 3a-
MUCano B Bupe

—16RoR1 R, cos (wz/Vy)elw!

> h +ny = 2, ‘ (6.6}

Wiz 1) |

ThAe Rf =piv

i
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Ao =2Ro{{—R; — Ry —cos (2why/V) X (Ry — R3)) [{R,+ R;3) X

x cos {why /Vy +hyf/Vy +hy/V3)) + (Ry — Ry) coslw(h /Vy +h,/V, +
+ £3/V3a))] —sin (2w hy /Vy) (Ry — Ry) [(Ry +R3) sin{w(hy/V, +
+hy/Vy ¥ hy V) ) DY +/2R, ((Ry — Ry} sin (2w hy/Vy) [(Ry +

+R3) cos (w (A [V, +hy/Vy +h3/V5)) + (Ry — Ra) cos (w (hy [V, +
+hyWy +hslV3) )1+ [~ Ry — Ry +cos (2w hy/'V) X

x (Ry = R3)1 (R +Ry) sin (w (hy/Vy +hy/Vy)) + (Ry —

=~ Ry)sin {(wh IV, +h, [V, —hgiV3) )]},

3aeck yuTeHa uMTEphEpeHUMA NPeNOMNEHHBIX U OTPAXEHHLIX BONH Ha BCex
rpaHnyax pasaena cpea.

YueTt nornoweHuA aHeprum CpPesor AOCTUTaeTCA, 8CNK NDUNATL, YTO CKOPOCTL
pacnpOCTPaHERNA CeWCMUYECKOW BOMHLI — BENUMMHE KOMNNEKCHaA

Vi =Viwlw —jVik,, {6.7)

rae V; — (ha3oBana CKOPOCTL PACNPOCTPAHEHUA B /-M CNOEH; K; — KO3hUUMEHT
NoTrNoWeHNA B /-4 cpeae.
0606WweHHOe BONHOBOE COMPOTWUBAEHME CPeabl ONPEAENAETCA BbiP@XEHUEM

R;e i¢i, rae
Ri =piViw/vw? + Vi ki tgy; = Vikglw. (6.8}

C yuetom Boipaenuii (6.7), (6.8) copmyna (6,6) onucsiBaeT cmeuieHme
rpyHTa B BEPXHEM CNOE C yueTOM norfaouweHus. Ee nepsanm NpoM3BOAHaR NO
t fApeacTasnAeT coBoW cKOpOCTs KoOneGaWWA TpyHTa, BTOPaA — yCKOpeHue.
OnddeperunpoBaHve 3TOro K€ BLIPAKEHUA MO Z xapakTepusyeT aedopMaumu
rpyHTa BHYTPU BepXHero crnos.

Ha ocHoBaHun suipaxeHuit (6.6), {6.8) cocraeneHa nporpamma Ha AzbIKe
Anron ana 3BM B3CM-4M, no KoTOpoii onpeaesieHbl CNEKTPanbHuie xapaKTe-
PUCTUKU CMELLEHWUA, CKOPOCTEH W YCKOpeHuH wxonebaHMW Ha TeppuTOpUAX
Humue-Anaapuuncxorol sogoxpaHunuwa, noc. Opnoeka, r. [bkananabap
Kupruackoi CCP,

Ans  cnekTpanwHbIX XapaxKTepucTUK Tepputopun HukHe-AnaapuMHCKOro -
PYCNOBOr0 BOAOXPaHUNMIUA MO OTHOWEHWO K rpaduue CKalbHOroe nonynpo-
CTPAHCTBA XApaKTepHO YBenuueHne aMNAMTYALI KoNeBaHWn Ha nosepxXHOCTW
otr 2,7 Ha 6opTax A0 3,1 pasa B NoWme peku NpyM OCHOBHOM Nepuoae ysenu-
yeHua 0,5 ¢ v gononHmTensiom 0,15 ¢ (puc. 6.16, a, 6) .

Paiton noc. OpnoBka wumeeT HanbGonbluMe NO amMNAWTYAE cneKTpanbHbie
X3paKTepUCTUKKW, AENAWMECR Ha Tpyu rpynnel. [lepBaR OTHOCUTCA K MMKpPO-
panoHy €O CpeaHUMU FPYHTOBLIMU YCTIOBUAMMU U uMeeT ABYXNUKOBYIO GopMy
C OCHOBHBIM MAaKCAMYMOM OTHOWEHWR Ap /A, paBHbiM 8,6 npu nepuone
xoneGanuit 0,85 ¢ 1 CONYTCTBYIOMM MEKCUMYMOM Ay /A = B npu nepuoae
0,3 ¢ (puc. 6.26) . Bropaa rpynna 0OTHOCATCA K raneuHnKOBLIM FPyHTaM BOCTOU-
HOM uacT nocenka. OHa UmeeT Takxke RBYXNUKOBYIO HOPMY, HO OTAMYaeTCA
OT NepBOW MEHbUWWMM OTHOLEHWEM aMNIMTYARLlI KonebGaHWA NoBepXHOCTH NO
OTHOLUEHWIO K aMNAUTYAEe KONeGaHuW CKanbHOro OCHOBAaHUA A, /A ., = 6.5,
CMELLeHHbIM NepuoaoMm, pPaBHbIM 0,65 ¢, N BTOPHIM MaKCUMyMOM A”,/Ac,I< =
=58 npu T = 0,2 c (puc. 6.26). TpeTbA rpynna xapakTepusyet npearopHyo
4acTh nocenka ¢ tonwei cyrnuikos 20 m u Gonee. HecMOTPA Ha ABYCNOAHOCTL
pa3pesa, XapakTepucTMKa CMeLWeHUli 34eCb TPEXNMKOBAA, aMNAUTYAHO-NEPNOA-
HafA. OCHOBHOW MaKCUMyM numeeT Ap,/Aq = 13,2, 7 = 0,6 ¢; stopon 9.8,
T =04c; tpetuir 54, 7 = 0,15 c. lNpn 3TOM Cnoil CYrMUHKOBR yBenuuuBaeT
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P 1 c. 6.26. CnexTpanbHLIe XapaKTePUCTUKMN TeppUTopuii  HKHEe-AnaapymHCcKoro BoaoXpa-
Hanuwa (a, 6) ; noc. Opnoexa (8, 2, ¥} w r. fxananabag {2, e)

aMANUTYAY CMELeHUA OTHOCHTENbHO BTOPOW rpynnbl  (rapeyHsie rPyHTbI)
8 2,1 pas {6onee oaHoro Ganna) (puc. 6.26) .

PacueTHble cneKTpansHple XapakTEPUCTMKK PaitoHa r, [xananabaf Noxoxu
no dopme U BAUIKU NO 3HAYEHUAM MaKCMMYyMORB. [INA CPeAHMX TPYHTOBbBIX
YCNoBWA (MOWHOCTL CyrnUHKOB Boflee 6 M) XapaKTepucTMKa WSMEHRETCA
gﬂzaea;io. Ha weit BoinenaetcA makcumym A /A =30 npn 7 = 1,1 ¢ (puc.

BnRr rane4HnKoBeIX FPYHTOB XapaxkTepucTMika 60fee W3pe3sHHaR, ¢ OCHOB-
Hbim makcumymom AL /A . = 3,26 npu 7 = 1,1 ¢; BTOpbIM MaKCUMYMOM,
PagHLIM 3,0 npu nepuoge 7=0,8 ¢, Tpetbum — 28 npu 7T =0,7 c.

AMNANTYRHO-YaCTOTHAA  xapakTepucTuka TeppuTopwuu r. [xenenabap, ¢
MOWHO! TOMWEH CYrNUHUCTLIX OTAOKEHHH, OTIIMYZETCA OT NPEABIAYLMX MHOIO-
MKOBOCTLI0, OTHOWEHWUA aMNIMTYL COCTABARIOT NPU OCHOBHOM MaKCUMYyMe
ArplAcyx =355, T = 1,1 ¢c; stopom — 2,8, T = 0,65 ¢; Tpetvem — 2,5, T =
=045 cw vereprom — 1,5, T=0,3 ¢ (puc. 6.27).

Takum ofpazom, B PacCMOTREHHBLIX CAYYaAX NpUpaueHuA BannsHocTy,
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P u c. 6.27. CnexTpanbHbie xapakTepucTuku B 1. 68 r. Jxananaban
a2 — € yNeTOM nornoweHnA 8o Beex cnoax; 6 —a, =0,0;'w, =0,3; o, =05; 8 —a, =
=0,2; o, =05; 2 —0a, =0,2; @, =00; a; =0,8; 0 —«, =0,0; o, =0,0; «; =00

HalifeHHbIE MO MAKCUMANLHLIM 3HAYBHUAM CNEKTPANbHLIX XapaKTEePUCTUK,
M3MEHRAIOTCA OT ORHOrO A0 ABYX 6annoB.

Panee {cm. pasgensl 6.3—6.5} y>xke onucbIBanock BAMAHWE NOTNOWEHUA (AnC-
CMNaUKMKU) CENCMMUECKMX BONH FEONOrMYECKUMU CPEAAMM Ha CTeneHb ceiicmu-
YeCKOWM OnacHocTu rpyHTa. PaccMOTpUM elue pa3 3TO ABNEHUE Ha KOHKPETHOM
npumMepe uccnesyemMeix Tepputopnis (cm. puc. 6.27,a v 6.28,a) . MNokaaaHHsie

Tabnuua 6.6
Makcumanshble JHAYEHUA PACYETHLIX CNEK TPANbHBIX XapPaKTepHCTU K
KonebaHril rPyNTOR C YHETOM M 6e3 yueTa norNOweHnA

Buael pacuets n. 68 ;éqnmanan' n.5 ;bf;na
A1=0,2 A2=03 A3=05 3,42 0,00 3,12 0,00
A1 =0 A2 =03 A3=05 3,18 10,5 3,19 2,00
A1 =02 A2=0,0 A3 =05 3,90 15,2 3,35 7.00
a1 =02 A2=00 A3=00 35 2,0 3,14 1,00
A1=00 A2=0,0 A3 =00 430 26,00 3.46 11,00

164



0="Fto 0= % 0= '"mw—p 0= ® 1g'0= "0 12'0= "0 —2 !§'0=
= %o ig= 0 70= "0 — 8 !§G'0= ‘0 £0= ‘o {p= 'O — 9 :XHOLD X3I8 08 HMHANOLION WOL3hA O — &
eMuHedxor08 010XoHURdeeLY-dHN WY ecadeed G "1 8 nynLondaixedex aiIgHAURAINAUY) "§Z'9 I N d
7% £ 77 4 £y
T T 1 \




Ha 3TAX PUCYHKAX CReKTpansHbie XaPaKTepUCTMKU NONy4eHbI ANA mofemt ¢
YHMETOM MOTNIOWEHNA BCeX CNnoeB. BenuunHbl JeKpemMeHTOB 3aTyxaMuAa 6bifiu
onpeaenexel no Tabnuye vz [41]. AnA nepeoro ¢noA, NPeACTABNEHHOrO MNHK-
cThimy  cnaWuamu, AS =0,2; ANA  BTOPOr0 rPaBUWHO-T3NEYMWKOBOFO CNOA |
AS = 0,3. nA TpeTwero, NpeacTaBNeHHOro cyrnukikamu, AS = 0,5, j

OnA onpepeneHnA BAMAHWA MOTNOWEHVA B KaXaoM cnoe 6bin npou3se-
AEH pacyeT cepuM CNEKTPanbHLIX XapaKTepPUCTUK ANA PasnunyHbIX 8apuaHToB
napameTpoB CROEB pa3pe3a: NOrNoWeHne OTCYTCTBYET mbo B nepsom cnoe
(puc. 6.27,6un 6.28,6), nubo 8o BTopom (puc. 6.27,8 u 6,28, 8}, nubo 8
TpeThem ( puc. 6.27, 2m 6.28,2), nubo BO Beex Tpex CNOAX OAHOBPEMEHHO
{pnc. 6.27, 0 n 6.28, 9) . Peaynbrar npeacrasnex B Tabn. 6.6,

B rabn. 6.6 take npuBegeHsl OTKMNOHEHWA 3HAYEHUH MaKCVManbHbiX Cnek-
TPansHBIX XapPaKTePUCTUK B NPOUEHTAX OTHOCHTENBHO 3HAYEHUA UX NPV NONHOM
yuyeTe NOrNOWEHWR, AHANW3 NOAYYEHHLIX PE3yNbTaTos NOKAa3LIBaeT, 4TO Heyyer
IO NOWEHUA BO BCEX TPEX CAOAX MOXET 3HAYU TeNbHO NGKA3MTL OKOHYaTENbHbIN
pesynbtar no 26% tabn. 6.6. Heyuer nornowenn” B NepBom cnoe anf 3Tol
TOuKKN ABeT owunbky B 10,5%, 8o BTOPOM - 15,2%, a B TpeTbem — 2%. No-au-
AVMOMY, Ha BeJIMYUHY OTKNAOHEHWA B NPOUBHTAX OKa3blBaeT BIMAHWE NOMWMO
LAEKPEeMEHTa MOTrNOWEHKA, elle U MOLLHOCTL CMOA.

Ana n.5 HwxHe-AnaapyHCKOrO PYCROBOr0 BOAOXPAHMNWLLE NONYHeHb)
MEeHbLUME, HO C TAKUM Xe pacnpeaeneHMem NO cnoAmM olnBku. 3gecs HeyueT
NOrNOWEHUA NO Beel cpeae AaeT own6ky 11%. C nepexoaom xe B KOPOTKO-
NepPUOAHYIY 4aCTh CNEKTPa PAacXOXKAEHWE KPMUBbLIX AMA. .PA3NUNHBIX BAPWAHTOB
2HauMTENLHO BO3pacTeT. HeyyeT NOrNOWEHWA B 3TOM CIY4ae MOXKET NpWBECTH
K Gonbliond ownbKe, T.e. K HEBEPHOMY Ofipeaenenuio Npeobnanawero nepuoaa
1 COOTBETCTBEHHO ero aMnauTyAsl.

YueT e fOrnoweHnR BO BCEM CeWCMOTEONOrMYeCKOM paspese MOXeT
MIOBHICUTL TOYHOCTb OUEHKMU 3HAYEHWA OCHOBHOrO MakcuMyma go 30%. BmecTte
€ TeM CPaBHEHWE 3aBMCMMOCTU YPOBHEH CNEKTPanbHbIX XapaKTePUCTUK OT MOLL- |
HOCTH CNOEB Y UX aKYCTUMECKMX KECTKOCTeN Npit pa3HbiX GeKpemMeHTax Morno- . :
WEHNA NPUBOAUT K 3aKMOYBHWIO, YTO BNMAHVE BENWYMHBI AEKPEMEHTa HAd
YPOBEHb CNEKTPanbHbIX XapaKTePUCTUK, NpusefeHHbIX K Sannam, npeHeBpen-
MO Mano. MameHeHue npupaleHnMA BanneHoCTH NpU M3MEHEHWM LEKPEMEeHTOB
nornowesyA oT 0 4o Ux peansHeIx 3HavYeHni He npessiwaeT 0,5 Ganna.

“

Fnasa 7

YUYET HENWHEWHbLIX ABNEHUA B IPYHTAX
NP CEACMUYECKOM MUKPOPAAOHUPOBAHUMU

7.1. PACNPOCTPAHEHUE YNPYFONMNACTUUECKNX BONH
B8 MATKUX FPYHTAX

3a4acTyi0 MaxpocercMnLecKkue 06CNes0BaHNA NOCNEACTEBHA CUNbHLIX 3EMAne-
TPACEHNA NPUBOARY K B8LIBOAAM, APOTUBOpEUALLUM pe3ynbTatam CMP, yto Moxe
HO OOBACHUTE HEYHETOM OCOGEHHOCTEN NOBEAEHUA MATKNX FPYHTOB B YCNOBUAX
GonbwHx aeopMaumMiA, NPORBAAIOWMXCA NPY Pa3PYUIMTENbHLIX 3eMAeTPACE-
HuAX. TBKMMU OCOBEHHOCTAMM RABNAKTCA paspylseHMe rpyHTa B BepxHei
YaCTM paspesa, OTKONbHbIE ABNEHUA, NOMYUEHHBIE IKCNEPUMEHTANLHO 1 060CHO-
BaHHbe TeopeTudecku [35, 75, 122, 147, 199, 222, 214].

MpeactrasnAeTcA, 4TO MakpoceficMUYecKW? 3dheKT Npu paspywmTesnbHeIX
3eMNETPACENNAX, NPOABNAIOWMIACA B BMAE TEYEHUR W BIPbIXNEHUA BepxHew
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4acTM TPYHTa, CBA3aH C W3aMeHeHnem ero (hn3NKO-MexaHuvecKX CBOWCTB,
3TU M3MEHEHNA ABJIAIOTCA CNeacTBUEM HeoBpatuMbix Aediopmauuil, 0BA3aHHbIX
yNPYroNAacTYECKUM BOMHAM, 33KOHOMEPHOCTY PACTPOCTPAHEHNA U aMMNUTY A
Hble XApaKTEPUCTUKW KOTODBIX CYLUECTBEHHO OTAMYAIOTCA OT TaKossIX AMNA
ynpyrux sonH. CneaosaTefibHo, OLUEHKa Npupallesna UHTEHCMBHOCTY NPU Heyr-
pyrom KonebaHu TPYHTa AOMKHA 6biTh NposepeHa Ha 6ase TEOPETMYECKUX W
3KCNePUMEHTANbHLIX MCCNEAOBaHWI A 3aKOHOMEPHOCTEA PacnpocTpaHeHua ynpy-
FORAACTUHECKUX BOMH, PACNDEAENEHNA HANDRXeHNA, AEOPMALWA W UX U3MeHe-
HUA B 33BMCUMOCTH OT ANWTENsHOCTU U (POPMbI MMIYIILCA, a TAKIKE OT CBOMCTB
rpyHTa.

TeopeTU4ecKME UCCNEAOBAHUA 0COGeHHOCTEN, BOSHWKAWMX MpU pacnno-
cTpaHeHnu YNpYronnactTuyeckux BOSIH B MAMKUX PYHTEX, NPUBOAAT K BLIBO-
AaM 0 HeoBXOoAMMOCTY y4eTa HeyNpyrux NapameTpos KonebaHui Npy onpeaene-
MUK BOZMOXHOrO ceficmuueckoro addeTa v ONpeaenAloT OCHOBHbIE Hanpasne-
HWUA IKCNEPUMEHTOR, PEaNTN3YIOLLIMX TAKOW yuyeT.

WMayyeHvie NOBEAEGHWUA MATKWUX TPYHTOB NPV AEACTBMM CERCMWUYECKUX Harpy-
30K, Bbi3LIBAOWNX HEYNpyrve AeOpMaLuM, UMeeT nNepBOCTENEHHODE 3JHauye-
Hyie B BONPOCaX NPOEKTUPOBAHUA 3AaHWA W COOPYKEHWUN B CEACMOAKTMBHLIX
paioHax, PaccuMTaHHbIX Ha cunbHbie 3emneTprcenns (7—10 6annos). (pu
3TOM NOA FOBEAEHWEM MATKUX TDYHTOB NOHWMAIOTCR NPOYHOCTHbIE CBOWCTBA
1 CBA3AHHBIE C HUMU XapaKTEepUCTUKK HeyNpyroro rpyHTa: cMeLieHna, CKopocTh
CMeLLEeHNA, NNacTuyeckne AedopMati M CKOPOCTH YNPYFonNAacTUYecKux BOMH,
HaNPAXEHWA W 3AKOHOMEPHOCTW PAclpeAEneHvA 3TUX flapaMeTPOB BO BpemMeHk
n npocTpadcTee. CneayeT OTMeTUTb, YTO MArKUWE FPYHTDI 3a fpeaens! ynpyroctu
npetepnesaloT Kak OObEMHbIE, TaK W CABWroBble HeobGpaTumele Jetbop-
[VETUR

Moa ceicMyuecKMM Harpy3skamy B TeOpeTU4ECKOW CERCMONOrun noapasy-
MEB3IOTCA Harpy3ku (CMeUleHVA, CKOPOCTH CMELIEHNA Y HANPAXKEHWA) , 3afaH-
Hble B BUAE FapMOHUYECKOW BONHbL. MeroA HaxOXAEMUA BONHOBOrO AONA B
BMAE TAPMOMUNECKUX BOMH, CNPaBEAMBLIX ANA YNPYIUX Cpea, He NPUMEHUM
B Cflydae YNpyronnacvu4eckoro AbBwkennA. CneaosartensHO, TRaAUULMOHHbIE
METOAB! PELUBHWA MATEeMATUUYECKUX 37 44 TeOpPeTUUECKOW ceicMonorvu He
NPUTOAHLI K PELUIeHMIO aHANOrM4HLIX 3a4a4 BONHOBOrO NMONA HEYNpyroro Kone-
BaHuA. B 3TOM cOCTOUT 0AHE M3 TPYAHOCTEN 3TOMN Nnpobnemsl,

CeiicMnuecKMe Harpyaku, U3BRCTHbIE B BUAE 33NUCEA CMELLeHWA UnK CKOpO-
CTeW CMelleHuis, anaxonepemeMHsl. Cpeaa MOABEPTaETCA  MOCHEAOBATENBLHO
REACTBUIO CHUMAIOLIMX W PACTATUBAIOWMX HanpsXKeHun vny Haobopot. To e
CamMoe MOXHO FOBOPMTL O CABUTAIDWMX Harpyskax. 3aberan snepes, OTMETUM,
HTO Npy Heynpyrom KonebaHwn 06beMHele U CABAMOBbIE AechOPMAUUN CBR3AHbY
MeXay cob60/ U BO3HWKAIOT OAHOBPEMEHHO, TOrAa KaK B yNPYrom Cny4ae oHu
OCYLIECTERNAKTCA HE3aBUCUMO APYT OT APYra NPOAONbHOW W NOAEPeYHON ynpy-
FMM BonHamu. 3HakonepemeHHbie AWHAMMUYECKWE Harpy3Kku B CTagun ynpy-
rx pedopmauuih He BHOCAT TPYAHOCTEM Kak (hM3MHECKOro, TaK W Matemary-
HECKOro xapawTepa. TIpMuMHa COCTOUT B TOM, YTO B YNPYroi CTaauu MoAynu
YOPYrOCTM MATKUX rpyHTOB Kak B (hade OKatwa, Tak U 8 dase PacTAXEeHUA
MPUHUMAIOTCA PABHBIMU U BeTMMMHA HaNPRXKEHMIA HE AOCTUIaeT NPERENa NPoOUHO-
CTH Ha obenx chasax. ITO NOnOXKEHWE, NO KpakHed Mepe ANA MATKNX rPYHTOR,
TPeGYET AONONHUTENbHbIX ONBITHBIX AaHHbIX. BROMHE BEPORTHO, 4TO MOAYMM
YNDYFOCTU pacTAXeHvA M cxaTA MOryT BuiTe pasHeimu. Hanpumep, ynpyroe
CONPOTUBREHNE MAFKUX FPYHTOB DAacTAXEHWIO HAMHOTO cnabee, Yem ynpyroe
ConpoTuenenue cxatuio. Ecnu Takodt adiheKT MMEET MECTO, TO Mbl TPUXORNM
K Npobneme 80nNHOBOI auHaMWKKM  pasHoynpyrux cped. Takoi noaxopn

HECOMHEMHO BHOCMT  CYLECTBEHHbIE KaYeCTBEHHblE W  KOMWYeCTBEHHble
U3MeHBHUA, :
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3HaKONEPEMEHHbIE AWHAMMUYECKME HArPYIKW B CTaguu Heynpyrux gedopma.
uMin TpeBylT 3HaHMA PUIMKO-MEXAHUYECKUX CBOWCTE MAMKUX TPYHTOB Kak )
B thase CXaTwA, Tak ¥ B thase pacTaxednA. B ocoberHocTn HeoGxoaumo 3HaTy |
NPeaen NPOMHOCTU NO HaNPAXEHUIO HA PACTANEHWE, KOTOPbIA 3aBUCUT OT MOW.- §
HOCTY W NIOTHOCTU IPYHTOB. ECNM y4eCTb, UTO AMHAMUYECKUE 3KCAEPUMEHTH|
Ha MACKUX FPYHTaX OCYLIECTBAANMMCE NPU CHUMAIOWMX HArpy3Kax, T ofpese- |
neHue AVHAMUWYECKWX AMarpaMm B oBnactu pacTrxeHur TpeByeT pa3paboTku
METOANKY HOBBIX IKCNEPMEHTOB. TPYAHOCTL 3TON Apobnems! CBA3aHA ¢ GUsK-
KOW npouecca. ]

HauBonee TpyaHsiM BONPOCOM B AMHAMUKE MAFKWX FPYHTOB U BOOBLe )
ana scex pedopMUpYEMuIX TBEPALIX CPep 2a NPEeAenoM yrpyroctu Renneten
esi60p MOAENW rpyHTa. 3TOT BONPOC HEOAHOKPATHO OBCYXAANCA creunanmera- 3
M. Doifiv NPeaNnoXeHsl pasnUuHbie BapMaHThl MOJeNei FPYHTOB, OCHOBaHHbIG
H3 NONOXEHUAX TP3AUUUNOHHLIX TEOPWIA NMNaCTUYHOCTU METANNOB, HO C Y4eTOM
ux ocobeHHocTeN, '

Nepsan MoO@eRs MATKWAX CPYHTOB, npeanoxeHHan X.A. PaxmarynuHbim |
[157], 6aanposanack Ha NONOXKEHNAX ACDOPMALLMOHHOA TEOPYM ' NNACTUYHOCTH, }
TAE CBA3W MEXAY HANPAXEHUAMU ¥ AehOpMALMAMY BbIpDaXaloTcA CIIEAYIOWMM
obpasom:

L Oy = 7\68” + 2G€1j, (7.1}
FO) 2 ®le,0) . 1 Ple,b) :
rae A = - — ; G=— ———; P=1{8)— pwnarpamma obvem-
. 8 9 €; 3 €;

Horo vameHeHnA; 0, =P (g;, §) — auarpamma, xapakTepu3syiowan aedopmaunmnm
caBura, UHTEHCMBHOCTE HANPRXKEHUW 0; MOXET 3aBUCETbL He TOSIBKO OT MHTEH-
CMBHOCTU gediopMauvi € ;, Ho W oT o6bemHoR gedopmaumn 8; P — cpeanee
Aasnenue. IKcnepumeHTaneHsie anarpammel P =7 (6], g; = O (e;, 8} He cBA3aHbI
€ KOHKPETHbIMU CKOPOCTAMU Harpyxxenun (vwnn agedopmauun}. OHU NpuHK-
MalOTCR KaK HEKOTODbIe AMHAMUYECKUe AnMarpaMMbl, COOTBETCTRYIOWE “'BhICO-
KHUM'’ CKOPOCTAM Harpy»eHuA, U B AUaNa3oHe NOPAAKE ITUX CKOPOCTeN CyecT-
BEHHO He MeHAWTCA. OAHAKO OCHOBHLIE BOIPAKEHNA NPOTUR AeOPMALMOH-
HOI* TROpUN NNACTUHHOCTA METANNOoB OCTATCA B CUNE OTHOCUTENLHO 3TOW mMoae- 3
Nt MAFKOTO TPYHTA. ~

Moaenb MArKUX rpyHTOB, OCHOBaHHAR Ha NONOXEHUAX TEOPUM MNACTUYHOCTU 3
TUNa TeueHnA, npegnoxera C.C. Ipuroparom [40], rae cBA3M Mexay HanpR-
WEHVAMUA U AeDOPMaUUAMMY UMRIOT BUA. v

L
2G(éU —-"3— 681’) ’—'de//dt + 7\08”‘,
1
;Sljsi,- —F(P) =0; P =fl0,9'].

3neck §* — BenuuuHa 06beMHOK AedOPMaLMKN, C KOTOPOW HaYMHAETCR Pa3rpy3-
Ka ANA CNyYan, KOraa npu Aq > 0 ONUCbIBABTCA NAICTUYECKOE TeveHue, a ANA
Ao < 0 umeeT mecto ynpyroe pauxeHve. JaHHan MOLENb TaloKe He yunToiBaeT
BNMAHKA CKOpOCTeR aehopmMaunm.

Hexovopan deHoOMeEHONOMMYeCKaA MOAGNE MACKOMO rPYHTa, NpeacTaBnAr-
wan cobor panwHehwee paseuTue Mmogenu C.C. MpuropAHa, npeanoxeHa
I.B. PoikosbiM [158]. OHa ocHOBaHa Ha MONOXEHVUAX TEOPUU YTNIPYrosBA3KO:
nnacruueCkux cpea, NPeaAnoXelHou AnA Metannoe B.B. Coxonosckum, J1. Mank-
BepHOM U H, Kpuctecky. 3Ta Mofienb YUMTHBEET BIIMAHWE CKOPOCTEN gedhopmas
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2 o6vemMHoe AeopMUPOBEHWUE MAFKMX FPYHTOB, 8 NAACTUYECKOE CABUIO-
hopMrpPOBaHUE ONKCLIBaeTCA yenoeuem Museca — linelixepa — BoTkuHa,
THOLUEHWA, ONPEABAAIOLLNE CBA3M MEXAY HANPAXEHUAMUA N AedopMariAMM
37O} MOAENM ANA OAHOOCHOTO CHATUR, UMEIOT BUA

unu H
Boe Ae
Coo

o =1/E, () d0,/0t +g, [0y ~ fy(€)], B0, /3t = O;
at .

2 _ 1/E% (ay, &) Bay/at+g, [0y — f {e) ], Doy /3t < O,
ot

rae £y () = E{e) (1 +3/2/3K); fy (e) =F(e) (1 +/2/3K) +\/2/3 b; E{0; ) =
=E* (g, e} (1 + V2/3 KY; E*l0,€) — HekoTOpaR dyHKUNRA, XapaKTepuayio-

do
11aA AedopMMPeBaHNe Cpeabl Npu parpyaxe (‘g < 0): nocTofRHHbe Knb —
KoahdULMEHTb, XaPIKTEPU3YIOWME BHYTPEKHEE TPEHWE W Clennenue 8 cpeae

FlJy) =K+ bP.

Cneayet OTMETMTb, 4TO 3TUM BONPOC O MOAENW FPYHTAa Henb3R CUATaThL
ucyepnaHeIM. BbiGOp Mogenw TeCHO CBA3EH C TUNOM MATKUX FPYHTORB, MX
CTPYKTYPaMU, TEKCTYPHLIMA OCOGEHHOCTAMU, C YCAOBMEM HArpyXeHWUR, C ava-
Na30HOM AEVCTBYIOLIMX HanpAxeHuh y 7.4, Mo3ITOMY Kaxaan #a NnpeanoKeHRbIX
moaenell MoxeT GbiTs WMCMONL3IORAHA TONLKO 8 ORpeAeneHHbIX YCROBUAX ANA
KOHKpETHbIX TUMOB TFPYHTOB. TakK e TpebyercA KpuTMueckuid nepecmoTp
CYLLECTBYIOWEA METOAWKW WUIMEPEHWA HANPAXEHWA W pedopmauvit B nabo-
paTOpHbIX YCAOBMAX U B YCMOBUAX ECTECTBEHHOIG 3anerannA. Hexotopoie "'adh-
hexTsl’', HANPUMED, B Anarpammax AeOPMUPOBAIHUA B NNACTUYECKON oBnacTh
33BMCAT OT cKopocTeh aedofmauny u MoryT GeiTh crneacTeMemM yCnoBuAa ocy-
UIECTBAEHUA ONBITOB, a He M3NHECKON XapaKTepuCTUKK matepuana. Takum
06pa3om, auarpamMmbl AMHAMWYECKOTo AeOPMUPOBAHUA MAMKUX TPYKTOB
KaK B yrpyrodl, TaK M B NNACTUYECKOW CTaaWK MOTYT 33aBUCETH OT MCTOPWH
HarpyXerna BO BCel CTaguu AehOpPMMPOBaHMA.

10.H. PaBorwoseniMm u 10.B. Cyeoposott [151, 152] Ha ocHoBe aHanusa cy-
LLECTEYIOLUX IKCMEPUMEHTANLHBIX AAHHLIX DO AUHZMUYECKOMY WCNBLITAHWIO
06pa3uoB U3 pasnuuHbIX MeTanNoR U NOCPEACTBOM HOBLIX 4aHHLIX NPEeARoXKe-
Ha MOAENb YNpyronnacTuuecKux METanncs, ONWMCsIBaEMaR ypaBHeHem Hacneq-
CTBEHHOrO Tna

t
0=9 (e) ~ [ K{t-S8)o(S)dS,
)

The xpusan o = ¢ {€p) ecTe MIHOBEHHAR KpUBAA AePOPMMUDOBEHWA, COOTEET-
CTBYOWanA GeCKOHEYHO GONLLUCA CKOpOCTH Aedopmaunu; €, — MNACTUHECKAR
cocTaBnAlWan Aedopmaumun; K (t—S) — RAPO WHTErpanbHOro YpaBHEHWRA,
XapakTepuaylowiee HacneacTBeHHble caoicTea. OaHa M3 NEPCneKTUBHLIX 3agay
AVMAMUKKM MRTKWUX FPYHTOB COCTOMT B TOM, 4TO NyTem cReuMantHelX ONLITOR
CnenyeT onpenennTe BUR AviarpamMel 0 = ¢ (€5} M rapa K {t—S) anA paanuunbIx
MATKKUX TPyHTOB. B OTAMYME OT METanNoB Y MAFKUX FPYHTOB C YBEUYEHUEM
CKopocTed ascopmauvu B ynpyrowt obnactu pacveT He TONLKO Npeaen Teky-
YECTH, HO W MOAYNb YNPYroCTH, a TaK@e HACNEACTBEHHbIE 3BDEKTbI AOMKHBI
CKa3bIBaTLCA Ha ByAE KPUBO NNECTUHECKOrO Ae(hOPMUPOBANUA.

ViaydeHne noBeAEHUA MAFKUX FPYHTOR MNPU CULHBIX 3EMNETPACEHUAX HAPA-
AY € MHCTPYMEHTaNLHLIMU U MaKPOCEACMUYECKMM METOAMM TpebyeT paspa6oT-
KW TeopetMyeckoro MoaenupoBaHus npouecca. TeOPETUNECKaA MOAESNL BKAK-
92eT 8 ceGR wccnepoBaHMe pacnpoCTPaHENUA 3aNBHHOMD CENCMUYECKOTO CUrHa-
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Pwc, 7.1. Mogens CNOA MAFKOTO rPYyHTa, NEXAWEr0 Ha XXECTKOM OCROBaHVN
1 — MArK#uM rpyHT; 2 — KOpeHHar nopoaa

na yepes ynpyronnacTMyeckmii MArkui rpyHT (xapaxtep ero Tpavcdopmauny,
BESMIMUNHBLI peanusyembix HanpaxeHuid, aedopMaumid} M ero nNpoyHOCTM AnA
AMHaMUYECKUX Harpys3oK. [na peweHyA Takux 3afa4y HeoGXOgMMO 3apaHue
FPaHMYHOTO YCNOBUR B BWAE 3aKOH3 U3MEHEHWA HalNpAXEHUA nnu CKOpoCTed
CMELLEHUA HA MPaHULLe MAMKWA FPYHT — KOPEHHAR NI0POAA. AMNNNTYAb) M BpemA
NEACTBUA TaKUX UMNYNLCOB ACIKHLI COOTBETCTEOBATH UMIYILCAM PEANLHLIX
3eMNeTPACEHMM N0 MarHUTYAe, 3HEepPreTMYeCKOMy Knaccy 1 3NuueHTpansHoMmy
paccroAkuio. [lna onucauuA npouecca RehOpMUPOBAHUA A0OMKHA BbiTh BbiBpa-
Ha MOJENb MAIKOIO FPYHTA, ONPeABRNAIOLME YPABHEHUA KOTOPOHK Bbinv npuee-
aedbl Bhilwe (7.1). B KayecTBe HAarbHbIX yCNOBWIA MOXHO BbIBRaTh HYNesoe
COCTOAHWE, npeHeBperaa HayYanbHbIMU HaANPAXEHWAMU U AehOPMILUAMMN, Cyp-
Tad, 4TO CpeAa A0 NOAXOAE BONHLI HaxoaWTCA B nokoe. fpeinonaraercA Takxe,
4TO Cpeaa OAHOPOAHA M ee DNNOTHOCTh, (PM3n4YecKue napameTpb!, BXxORALIME
B YPAaBHEHUE COCTOAHUA, HE MEHAKOTCR NO My6ude.

B kavectae npumepa NpoBeseM aHanM3 U pelieHUe OLHOW YaCTHOW 3aAaun
AVHAMUKN MATKUX FPYHTOB ANA CNyYaA pacrpoCTPaHeHUA OAHOMEpHON MNoc-
KON ynpyronnacTy4ecKod BOJSHbl OKAaTMA-CABWIrAa. Taxkam BONHa peannayeTtcA
NpU COBMECTHOM [@ACTBUM HOPMBNLHOIO Oy W KaCaTeAbHOro 7, , HaNpAXeHud
Ha rpaHuue MATKWUA rPYHT—KOpeHHaR nopoaa (7.1.} MpeanonaraeTca ux pasHo-
MepHOE pacnpefencHne Ha rpaHuue (nnockocTe yoz). B Kauectse 3axoMa
VI3MEHEHUA HAnNPAXEHWA O, W Ty, MO BPEMEHM NPUHATA NPOCTENlIan 3aBuck-
MOCTb B AA

1,t>0

Oy =0=00H(t)y Txsz:TOH(r’v' H(r) = { 0,t<0-

3agaHvie rPAHMYHOrO YCNOBMA 8 TaKOM BUAE CBA3AHO C YPE3BbINaliHON Tpya-
HOCTbIO PELLIEHWUA NOCTABMEHHON 3aa4k AR OBLLero 3aK0Ha M3MEHEHNA NPUNo-
MEHHBIX CUAl IO BPEMEHM, KOTOPOE TpeByeT NPUMEHEHUA KOHEUHO-PA3HOCTHBLIX
METOAOB 8 PA3NNYHLIX OBNACTAX ABUMEHUR aKTUBHOMO HArPYXEHWA K Pasrpya-
KW C HENM3BECTHLIMY NOABHUKHLIMM IDAHNLAMA MEXAY HUMMA.

flpn pencTBYM CeACMMYECKOW HArpY3KM Ha rpaHuue KOPEHHOW nopoab
¥ MATKOTO FPYHTa MOTYT Peann3oBareCR pa3nunuHsie 1eOpMaLMOHHEIE COCTOA-
HwAa. Ecnu nnockue BOnHeL P U S u3 rRyBuHL AeRCTBYIOT HOpManbHo, TO B
MATKOM IpyHTE peann3yerch ogHoocHoe aedhOpMauMoHHOe COCTORHKME. PelleHne
3TOW 3apauu HauGonee npoctoe. Ecnu NAOCKME BONHe! NAAarOT NOA YrNOM,
TO Peanu3yercA nnockaa aedopmaund. 3a npeaenom ynpyrocTm He meeT MecTa
pazfeneHye BONK NO TMNaM K CKOPOCTAM YTPYToONNacTMHeCKnX BONH, KOTopbIe
3aBUCAT OT YPOBHA HANPAXEHUN, 'LOCTUTAEMOro B [aHHLI MOMEHT BREMEHW.
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MonHoe pelugHvie ABYMEDHOW 384344 AWMHAMWKKW YNPYTONAACTAYECKWUX Cpea
OTCYTCTBYET, 38 UCKSTIONEHNEM HEKDTOPLIX YaCTHLIX 38Aa4.

fpu peweHuy NOCTaBNEHHON 23141 NCRONL3OBANUCE CODTHOWEHNA “Aethop-
MAUNOHHON MOEenn rpyHTa, NPeanoxeHHon X.A. Paxmatynureim. 8 nonbay
7aKOrO MOAXOA3 MOXHO CKa3aTh cneayiuiee: 8l “pedopmaunonnan’ mopens
Haubonee NpOCTa ARR PAcHeras; 6) BenuuMHbl peanuayembix AeddopMauuii npu
[eCTBIKM Hanprxenuh ao 5 Krc/cm? OQHOTO NOPAARKA C MpeAenoMm yapyro-
CTW: B) JarHbie ONbiTa N AMANUTYHO-4aCTOTHEIe uccrieaosanna [30] B ykazan-
HbIX MPEAENax HanpaxeHuit roBOpAT B NOAB3Y ''ATHOPMAUKOHHON™ Moaenu.

Qe ypaBHERWA ABWXeHWA AedopmvpyemMon Teepaow cpeasl B8 cnyuae
Mansix AehopMauvii UMeT ana

al U,\J BU‘\' a‘r‘\‘_]’ aT Xz
—=— 4+ + e
Pogp ax dy az
9, BTy, B0 BT ..
Py T T b e e (7.2}
at ax dy dz
9%, 07y, 0T, do
po—y =TT b A,
Je? ax 0y 07
rae po — HavanbHam MNOTHOCTL cpedsy; O, Ul U. — KOMOOHEHTHI BEKTOPA
CMEWEHNA, Ty, .., Ty: — KOMMOHEHTH) TEH30Pa HAMPAXKEHWHA.

Tpaum-mb\e'va HavanbHbie YCNOBUAA MMEOT BUZ )
0 =0 HI; Ty =ToH (), X0 K =l 020

‘l 0, t<C0;
0,\':"'=T>IZ/' UA'=U\’=U2=O;
ay, U, ouU.
— = —= =—— =(; <0, 0sx <>,
ot at ot
B paccmarpuBagMoM Cnyyae NMOCKOTO ABMIKEHUA
U= U e, x); Uy = U,l' {t,x); U.=0. 7.3)
B cuny manocty pethopmaunii v Ha ocHoarum {7.3) vimeem
o U, au,
ExT T, 6y R, €, T6 T 6 e =0 7.4
d x : Jdx ’ :

CeRsu mexay KoMIoHEHTAMM TEH3OPOB HANPRXKXEHWA 1 AedOopMaUmniA UMeoT
BvAa

0, =N +26e,, Tyy = Géxy,
0y =X0 + 2Ge,, 7. =Ge,;, :
o, =>\6+2G€; , Tz :GEA_Z' (75)

rhe §=¢ . +e.+e€.; koahdUUMEHTLI X U G BIPAXKAIOTCA “ePea ANarPamMbl
P=Fi0)uag=>d {e;) crenyownm 06pa3om: :

v F1O 2 die) 1 @le)

.

6 9 ¢ 3 ¢
Ha ocHoBanmn (7.4) ua (7.5) nonyuum
Oy = (A +2G) €x, O0p =07 =XEy, Tyy =Gex".,
Tyxz =0, 2 =ex. (7.6)
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.
YpaeHenna asuxenun {7.2) ¢ yvetom (7.3} v (7.6) B Haweln 3apawe NPUBOART-
cA K BUAY :

3 U, do, Y, BTy,

— T, P o= (7.7)
o Tk e 3 x
Ha otHoBaHuKu cooTHoWeHRWN (7.6) ypaBHennAa (7.7} npuamyT sug
ou de ay B
ot o x o x
e ou
at dx ’
oV de ay -
at 0 x o x '
3y AV
— - — =0, (7.8)
at 0 x

BU, ay,

rfe U= ——, V= 5—- — CKOPOCTY YaCTUL, FPYHTE; € =€,, V =¢€,,;
t t )

) {dF R 4 @ el . 16 €| ddb D (e} }
po \de 9 g 81 € ldg € '
4 ey [ ad  Pe)
27p, € | de; € l
1 {1 dley 1 Y| db  be) }
D=— —_— —— + ~— =5 ——— = .
Fo 3 €; 9 G; del' € E

CvcTemy KBasunuHeWHbIX YpagHEHWA B YACTHLIX NPOVW3BOAHLIX NEPBOIO
nopaaka otHocutensHo U, V 1 €, v (7.8) MOXHO NpeacraBuTs B Cnegyiowei
cUMMET pryHow opme:

LIW) =A'"W, +A W, =0, (7.9}
rae
¢ 01 0 0 -A 0 -8 0O
u . |1t 00 0] .. [ 0-1 0 0
v A o 0o 0 1] A -8 0 -D O
v 06 1 0 0 0 0 -1

MaTpuuet A’ u AY — camMMeTpuurbie, 3 A’ — NONOXNTENBHO ONpeAeneHHaR,

Cucrema {7.9) AaBNRETCA CHMMETpUYHON U ee xapakTepucTukK C; onpegensa-
JOTCA W3 YCNOBWA PaBEHCTBA HY/II0 ONPEAENUTENA XapaKTePUCTUYECKOR Mar-
puust [cA'—A%] :

det [cA' — A¥1=0,

nnu

QWO
00 =0
OO0 oW
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3T XapaKTEPUCTUKW UMEIOT BIUA

1 ' 5 ” y,\ L
o - D 48% " 2
c =5 I,‘A+D)+“A ) - +48°) [
1 -
1 2 2y P
C.=——— '"A+DV+ [{A—-D}" +48°} .
- \/-é_ | ’
1 ! 2 29% (%
e——— (A+D) —[(A=-D)" +4B*}" (7,
C, NG l,( ) — [ ] l[
1 ’ v i
Com g 1ATD = A=D1 +ag7) " ", (7.10

Ecnw BCe veTbipe xapakTepuctuku (7.10) ABNAWTCA ASMCTBATENLHBLIMK W Ha
HUX V¥MEET MECTO YEThIPE Pa3NuuHbiX AnddepeHurankHbiX COOTHOWEHWA, TO
cvctema (7.9) npuHagnexur Kaaccy runepbonuuecknx ypasHewwis. B cuny
CUMMETPNYHOCTY cuCTembl (7.9} npaseih ¥ neBbik COBGCTBEHHbIE B8EKTOPGLI
XapaKTUPUCTUHECKON MaTpuubI [cA" —A*] paBHbl Mexay cOB0W WM Hynb-
BEKTOP HAXOAWTCA U3 YCNOBUA

[cAl — A¥le =0,

TOrA3 3TOT HYMb-BEKTOP UMEET BUA
8
A—c?
Bc
A —c?
1
L ¢ __l
PaccMOTpUM pachpocTpaHeHne NpOCThiX BOMH B YHPYrONNAacTUYECKOM [pyH-
Te. [pocteiMM BONHamW Ha3bLIBAETCA CEMEWCTBO HENpPEePbLIBHbLIX BOSIH Harpy-
XEHWA, ANR KOTOPbIX BAONb XapaKTEPUCTAK MONQKMUTENLHOra HaKnNoHa napa-
METDbI ABMXEHUA He MeHATCA. B 4acTHOCTW, NPOCThLIMU BONHAMWU ABNAIOTCA
UEHTPUPOBaAHHbIE BOMHbI, peanu3yemble pyu COBMECTHOM AEACTBUM MrHOBEHHO
NPUAOKEHHBIX HOPMAENBHO WM KAacaTefsHO CTYNEHYATLIX Harpys3oK wnu B Cny-

Yae aBToMoAenbHOFO ABnxkeHnA [71].
CornacHo Teopuu NpoCTLIX BoOnH d NPONOPUAOHaNEH HYRb-BEKTOPY €.

de du  dy dV

8 Bc 1 -
A-c? A-¢?

Nocneanee ypasHenne gaetr creayioine 06biIKHOBEHHbIE ANDGEPEHUNANbHbIE
YPaBHeHuA ;

de B
dvy A-c?’
du 8 N

= - 7.1
av oy 7.11)
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MNpaBaA uyacTb 3TUX YPABHEHUIA 3aBUCUT OTE,Y U U UX PELUGHWA OMNPeAEnAIaT
TPaeKTopMM AeopMauMii 1 CKOpOCTU wacTui,, Hanpumep, ypasHeHne (7.11)
ABMAGBTCA HENMUHEWHbIM OObLIKHOBEHHLIM  AW(DEPEHUNENbHLIM Y PaBHEHUemM
OTHOCUTENLHO NIPOAONBHOW AechOPMaLMU €, €CNU B Ka4YeCTBE HE3IBUCMMOro
MEPEMERHOrO NPUHATL CABUIOBYIO Aehopmauuio v,

CootHoweHur (7.10) NOKasbiBalT, 4TO NMPU ACACTBUM UMMYNAbCA CXKATUAR—
CABWTa B MNONOXUTENBHOM HANPaBNEHWW PACMPOCTPAHAOTCA ABa TWMa BOMH,
CKOpOCTU KOTOpbIX ONpPeAenAlTCA NEPBbIM M TPETbMM COOTHOWEHUAMU W3
{7.10) . PaccCMOTPUM HEKOTOPLIE YaCTHbIE Criyyau :

a) B ynpyrom cayuae CpeaHee faBneHue P » MHTEHCMBHOCTbL HanpRXEHWN
0; NUHEUHO 2]WBUCAT COOTBETCTBEHHO OT O6bEMHOMN fedOopMaunn ¥ UHTEHCUB-
HOCTU Aedopmauni. [1pM NONHOM CHATUM Harpy3ky cpeAa NONHOCTBIO BOCCTE-
HaBNMBaeT CBOW mnepsoHauanbHbie obvem v Gopmy. JuHeHHbiEe 33BMCUMOCTYH
COXPaHAKTCA KaKk B (ase HarpyeHuA, Tak U B dhase pasrpysKy, 1 OHU UMEKT
Bua P=KB, o; =3Ge;, rae K n G — ynpyrve Moaynn o6beMHOr0 NAMEHEHUA
¥ casura. B 3Tom cnyuae npoaonsLHoe M MonepeyHoe ABUXKEHWA HEB3aMMOCBA-
3aHbl, 3 CYMMapHoe ABWUKEHWE 3a MONEPEYHOW BONHOW ONPEABNAETCA Tynep-
noavumein. lNpogontHoe BO3MYylUEHUE DACTIPOCTPAHARTCA CO CKOPOCTBIO €, =

4 . :
=aq = [(K+ 36)/,00] ", a nonepesHoe —cy=by=(G/po) *;

6) ecnn P 3aBMCUT OT € NO HenWHEAHOMY 3aKOHY, 3 SMBACUMOCTL U; OT
€; NvHeMHa, TO B 3TOM Cnyvyae NPOMLOMNLHOE W NMOREPEYHOe ABVKEHUA TaKike
HEeB3aMMOCBAS3aHbLE. 3aBUCMMOCTL O; = €; He OBR3aTeNbHO AOMKHa BbITh ynpy-
roil. B obnactu paarpy3kum oHa MOMET UMETb APYro#l BMA, He COBNAaAaoLLUNA
C Y4aCTKOM HarpykeHua. B arom cnyuae pewsedue 3agaun He npeacTasnAeT
0CODBIX TPYAHOCTEN. ,

Paccmotpum Bonee obBwwuUit cnyval, koraa ofe Aauvarpammel HenuHeRHbI
W oCratouHble aedopMauuy Peanu3yioTcA Kak no o6bemy, Tak U No CABUrY.

PeweHne B o6nactu nNpoCTON BONHLI NEPBOTC W BTOPOrQ TUMa HAXOAMTCA
W3 UHTErpupoBaHUA ypa_Herus {7.11), rpe

1
c2=—2¢{<A +D) + [(4— D)2 +4321‘/2}

ANA NEPBOrc TMN3 (KBa3WNPOAORLHAA BOonHa} , & .

1
cz=2—{(A+D) - [{A—D)2+482]"2}‘

ANA BTOPOro TVMa {KBasWnonepeyHan BoHa) .

MNpu NpoBeaeHU YUCNOBLIX PACYETOB BbiNV WCNOMNB30BaHLI AMHAMUYECKMWE
anarpammsl 'cyxnx’’ CYrNUHUCTbIX TPYHTOB B ECTECTBEHHOM COCTOAHUK, Ha
OCHOBE 3IKCMEPUMEHTANbHBLIX AaHHbIX N0 WU3MEHEHUIO HaNPFAXEHUH U Aedopma-
UUA NOCTPOEHLI AWUHAMWYECKWE AMarpaMMmel FPYHTOB P =F (§) n o, = dle;)
{pnc. 7.2}, koTopbie Geiny annpokcmuposaHbl cxemon lpanatna [29] :

F(9) =K065+K1 (0 —03), 0203,

ble;) =3Ge;; +3G; (6, —€i5), €2 €5, {7.12)

rae 8; v €;; — npeaens! ynpyroct no 06veMHON U CABUTOBOW AehOpMaLNAM
COOTBETCTBEHHO.
B obnactu ynpyrux Aedopmauvi cooTHoweHua (7.12} npuHumalor B4

F9) =K,0, 8<86,,
®le;) =3Goe;, € <eg. (7.13)
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Preciem? 0; #ec/em?
r =
4
————— I;s
/'t C T

|

) 1 il !
g 400z 2,006 a0 8 4002 5008 £/

Puc. 7.2. AvnaMuyeckue AMArpaMmbl 4R CY XWX CYrMUHUCTbIX TPYHTOB

Koatbduumnentol Kq, K, Gy, Gy B cootHowenuax (7.12) n (7.13) xapakre-
pU3yIOT MOAYNU OCBEMHOW CxMMaEMOCTH W Aedopmauvn casura B ynpyro#
M nnactuyeckon obnacTax.

N3 3KCNepMMEHTANbHbLIX AMHAMUYECKMX AMArpaMMm ANA cyrnuHka Koad-
yLMEHTBI B UCXOAHON CUCTeme ypasHeHnid (7.8) umerot BuA

1 4 4 (Gy— Gyle;, 16 €,{Gy— G()€°
A=—|K +—G, +— - 3 ;
/] 3 3 €; 27 €
4 €5 Gy—Giley '
9p e} '
1 {(Go— G )e 1 € (Go~ G} 72
p=—|G, + 2 B0 1L LAy} (7.14)
Jo] €; 3 €;
3HaueHUA ynNpPYrux U NNacTUYeCKUX XapakTepuCTuK ANA CYTNUHKOB CNeayio-

wue:
2 2 15 2 2
Ky =5.10" kre/em”; K, = __11 -10* kre/em”;

Gy =2,16-10% kre/em?; G, =0,6-10% kre/em?:
=1,25 kre/em®; 0, =0,0025; €, =0,0017; €, =1,i krc/em’.

Ecnn ofbeMHan pediopmaunAa 6 =€ goCTUraeT npedena ynpyroctu e,
=0,025, 10 eii COOTBETCTBYET 3HayeHWE WHTEHCUBHOCTW AehOpMaUnK €; = 2/3
€: =0,0017. Takwm 0Opa3om, ANA WCTONb3YEMbIX ANHAMMUYECKWUX AWATDAMM
NpeAen ynpyroctu xaKk No o6bEMHON fedopMalun, TaK U NO VHTEHCUBHOCTU
Aedhopmaumit ROCTUraeTcA ogHOBPeMeHHo. CneayeT OTMeTUTh, YTO YKasaHH.le
Npeaenbl mMoryT GbiTe AOCTATHYTbHI HE OAHOBPEMEHHO, MATKWIA FRYHT Ynipyro
AeOpMMpYETCA RO CABMFY, B TO BPEMA Kak 0b6neMHoe AechopmMyIposaHue
NPOUCXOAUT NNACTUYECKHU, U HAOBOPOT.

Botparenna xapartepuctuveckux ckopocteit (7.10) u eeipaxenua (7.14)
nokaseiBaer, uto B npeaenax ynpyrux gedopmauuii, rae G, = G,, nNpocTee
BONHbI CxkaTMA—CABMUIa NepexXOART B APOONbHYIO U CABATOBYH yNpyrue 80s-

Hbi €O ckopocTAMM a¢ = | (K, +_3'Go}/00 %, bo = (Golp) 7.
CKopocTts NpoaonbHOi NAGcTMYECKOW BONHBI 2, ONpeJenseTcA M3 ypas-
4
HeHMRal = [(Kl + SGI’/;O Y2
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OTHOWEHNE CKOPOCTEA yNpyrMx 80MH ANA 'Cyxux’’ CYrMMHKO8 Bbiyuc-
nAeTcA no Gopmyne

. 4 .,
3U/b0 = [ {Kp +'§GO)/GO] ”=1.9.

OTHOLEHUA CKOPOCTW NPOAONLHOW MNACTUYECKOW BONMHbE 8| K YNpyroi
NPOAONLHON ¢ CABUTOBOW BONHAM a,, by, a TaxKe ynNpyron CABUIOBOW b,
K ynpyrow NPOAONBLHON 2y BbIPaXkaeTCA CNEAYIOLMM 06pa3om:

4 4 "
a,/aq = [{Ky + EG,)/(KO +§GO)) * =1,63;

4 ),
a, /by = LIK + EGI)/(GO] % =1,02; bylay =0,98.

L)

OTcioaa BUAHO, 4TO AMA YKAa3aHHOr0 rPyHTa CKOPOCTL NPOAOALHOW NNacTu-
YeCcKOW BONHbI 37 HECKONbKkOo Gonblie, yem CKOPOCTH YNpPYyron cABUIOBOM
BOSHAL.

PaccmoTpUM BO3MOXHBIE BONHOBbLIE NONA ANR HEKOTOPbLIX cnyuaes. Mycre
A0 MOAX0AE BONH HANPRXEHWIA B MaCcCHBE FPYHT3 OTCYTCTBYHOT NPeABapUTENL-
Hele HanpAXeHWA W Aedopmaumv. B 3aBUCUMOCTM OT BENUYMH MPUNOMKEHHLIX
cUN 1 BMAA AMHAMUUYECKWUX AuWarpamMmM MoryT ObiTe paznuuHbie BOAHOBLIE Kap-
TWUHbE OBMXXEHUA. TaK KaK MaKCUMaNnbHaA CKOPOCTs CABMIroBeIX AedopMauui
OrpaHuueHa CKOPOCTBIO YNPYroh CABUTOBOW BONHBI, TO CHasana Mo Maccusy
PACAPOCTPAHARIOTCA NPOAONBHBIE BOSHbI, OCYUIECTBARIOUINE TONbKO 0ObEMHbIE
VU3MEHEHWA, @ 38 HUMW — BONHsI CKATUA—CABMUIA.

MNMycTh WHTEHCUBHOCTM NPUNOXKEHHbLIX HANPAXERWA Gy U To 8 obnacTu uuc-
TOrO CXaTWA He MOTYT BeI3BaTb NNacTuyeckyk aecdopmauuto. Toraa no He-
BO3MYLUZKOWEA CPeAe CHAyana pacnpOCTPaHAETCA YNpyrad NPoAORbHAA BOIMHa
CO CKOpPOCTbIO d,, @ 338 HeW — ynNpyraa cABUIroBaA BonHa b,. 3a ynpyrumu
BONHaMW pacnpoOCTPAHAETCA NPOCTan yNpyronNnacTMYECKas BONHE, OCYLIECTBNA-
IOWWaA CkaTne CO CABUIOM. '

CropocTe nepegHero poHTa YNpPYroRNacTUMECKO SONHbLI ONpeaAenfeTca
BblpakeHuem

1
cr—=l(A+D) ~ 1A~ D)2 +4B1)% | " < b,.
V2
Y=y

B 310M cnyuwae wacTuubl rpyHTa CHauana WCAbITLIBAIOT MOCTEROBATENBHO MRO-
AonbHoe W nonepewdoe ynpyrve wkoneGaHuA, a 3aTem — OAHOBPEMEHHO NPO-
AonbHo-nonepeuHoe Heynpyroe kanebaHue, KOTOPOE MOXET Bhi3BaThL Hanbone-
Wuv cedcmuueckuii aghdeT {prc. 7.3,3) .

PacemoTtpum Cfyyai, KOrAa WHTEHCUBHOCTU MPUNOXEHHbIX HaMpPAMEHUA
O W T, obecneuvsaloT 3a NPOACNLHOW YNPYFroW BoONHoW coctoAnue § =6,
P =P, Cxopocts NepeAHEro (HPoHTa YMNPYronflaCTMyeCKON BONHLI CXaTUR—
CABUra paBHa CKOPOCTW YNPYFoW CABMTOBOW BONHLI. B 3TOM Criyyae cHavana
PACNpocTpaHAeTCA ynpyraR NPOACNLHAA BOMAHA, 3@ Hel — yNpyronnacTuyeckan
BONHE, ocywecTenaowan 0aHOBpEMERHO CKaTue—caBur. CKOPOCTb Nepeanero
$POoHTa 3700 BONHEI pasHa CKOPOCTY YNPYroi casuroson BonHbl. Cnegosarens-
HO, HauaneHoe koneBakue nNPOM3BOANTCA YRPYroi NpPOAOALHOW BOMHOR, @
3aTem KoneGaHve OCYWECTBNAETCA BO3MYLIEHWEM OT HEYRPYroi 80nHel Cxka-
TWA—CaBMra u HauBobLIMIA CeftcMMueckuit 3dpeKT MOXET oKasaTb NOCNEAHAA
BONHA, ronosHaA wacTs KOTOPO#t UAeT Co CKOPOCTLIO YTPYro# nonepevHon
BOAHL (putc. 7.3,6) .
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WHTEHCUBHOCTI MPUNOXKEHHBIX HANPAXKERUA T, ¥ T, TAKOBbLI, YTO B obfa-
CTU 4ACTOIO OKAaTWA HOPManbHOE HanNPAXEHWEe MOXKEeT Bbi3BaTh NNacTUYecKue
aedopmauvin. MNpu 3TOM B8 MacCHBe rpyHTa CHauana pacnpocTpaHAeTCA Mpo-
ACNbHAA YNEYraA BOMHA CO CKOPOCTLIY @y, CKOPOGTL NepedHero hpoHTa ynpy-
ronnacTUYecKOn BOMHLI CXXaTUA—CABUFa ONpPeAenAeTCa: ?

c= B+D) -~ [(A-D)+48°1" 1%  <p,

\/7 ] €€,
rhae. € = €4 — 3HaueHUe npPoAOMbHON netbopmavuwon 3a (hPOHTOM NPOAOCNLHOU
nnactuxeckon BonHsbl (puc. 7.3,8). CneposaTtessHo, NEPBLIA JWHAMUYECKUN
yAap OCYLLIeCTBNAETCA MPOAONbHOW YNPYrow BONHOW, a 3aremM MNacTH4eCKOM
NPOAOCNLHON BONHOW, NOCNe KOTOPOK (YHAAMEHTHI COOPYXEHWA MNpeTepnesa-
10T HeoBbpaTUmble 0BbemMHbie M3MeHeHUA. 3a 3TUMWU NOCNEADRATEMLHLIMW MPo-
AONLHRIMW  yA3pamu NOCABAYET ynpyronnactuveckoe kKoneBGaHue rpyHra v B
3TOM CNYYaE BO3MOXKEH HanBonsunit cencMuueckuil sthcexT. ‘

Ha puc. 7.3,2—e npueegeHel rpatimkiy uameHenna gedopmauun AnA Tpex
CAYU3EB OMUCaHHLIX BbIlE BOAHOBLIX KapTUH ABMKEHUA.

Mpy Heynpyrux xkonebannAX B rpyHTax NPOABNAKTCA BONbUIME OCTATOYHLIE
aecbopMaLMK, KOTOPbIE CYLECTBEHHO BMUAKT Ha CENCMUYECKOE MOBRAEHUE
OCHOBAHUA W (yHAAMEHTOR COOpYXEHWA. B uccnenos8aHwsax, npoBefeHHbIX
praom asTopos {110, 121], noKasaHo, 4TO PaccunTaTh CEMCMUNECKHA 3DdeKT
npn 3eMAETPACEHWAX WU B3PbIBaX MOXHO, UCNOAL3YA Pa3nNUiHbIe 3IMITUPUHECKUE
COOTHOWEHWA, CBA3LIBAILVE KUHEeMaTHU4yeckKue ‘CKOpOCTM pPacnpoLTpaHeHnA
yrnpyrux BOMH) WM AWHaAMUYeCKWe (CMELYEHWA, CKOPOCTW CMELIEHWUA, 4aCTOTkul
M T.M.} napamerpbi ¢ NpupaweHneM MHTEHCUBHOCTU KontebaHna. Bece napametpesl,
NCAONbAYEMbIE B 3TWX COOTHOLIBHWAX, NONYYEHL! B NpeAenax ynpyrux gedop-

' mauun. Ham npeacCTaBnAeTCA, 4TO TakWe COOTHOLWEHWA HE COBCEM NpaBufb-
HO YWATHIBAOT BO3MOXKHOE fIpUpauieHwe GannbHOCTW NPU UHTEHCHBHLIX BO3-
aencTenAx. OUEHKa NpUpalleHUa MHTEHCUMBHOCTU KonebaHuid npu Heynpyrom
KoneGaMuu TpyHTa AOMKHA ONPEAENATLCA Ha Ga3e TeopernvecKux vCCneacea:
HUA O 33KOHOMEPHOCTAX, YYUTHLIBAKWMX DPACNPOCTPAHEHME YMpyronnacTuye:
CKWUX BONH, pacnpeAeneHWe HanprKeHUd, AedOpMaUnini U UX U3IMEHEHWA B 3a-
BACUMOCTH OT ANUTENLHOCTU N HOPMbI UMMYAbCa, 8 TaKXe OT CBOWCTB MPyHTa.

B nepsom cnyyae {puc. 7.3.3) Mbl CuUTaem, YTO nnactuueckue aedopma- -
uvn, OTBETCTBEHHbIE 33 HeobpaTumbid 3ahgexT, Byaer Pa3BUBATLCA B rPYHTE
NoA ABWCTBUEM KOMBUHUPOBAHHOR BOMHbLI CKATUA—CABMra (KBazunanepey-
HaA BONHA}, CKOPOCTU KOTOPON HWXKE, YeM CKOPOCTL YNPYToW NornepeyHon
BONHLL [1py 3TOM CKOPOCTL KBA3WMNOMEPeYHONW BOJHLI MEHABTCA B 3aBUCUMOCTHA
OT WUHTEHCUBHOCTW NnacTuuecknx aedopmMaunin: yem GORbE WHTEHCUMBHOCTD
AeIOPMALMA, TEM MEHBLLE CKOPOCTL NNaCTUYECKOM BONHLL.

Bo eropom cnyuae {puc. 7.3,6) nnacTuueckue aedopmaumv toxe nepepa-
HOTCA KBa3UMONEPEYHOU NNacTUYeCKOW BONHOW, HO CKOPOCTb ee MepesHero
chpOHTa COBNAAAeT €O CKOPOCTbIO YAPYroW NOMepeyHoit BonHLl. C yBenuueHwem
WHTEHCUBHOCTY NNacTUYeCKuX fAedOpMaiivii CKOPOCTL 3TOW BONHMbLI YMeHbula
eTCh.

B Tpethem cnyuyae {puc. 7.3,8) nnacTuseckve AePOPMaLMM B TPyHTE CHa"
yana OCyLLeCTBAAKTCR MIACTUHECKON BOSMHOM YMCTOrO0 0ObLEMHOTD M3MEHEHUA,
npyY 3ToM MNPOUCXOAWT TONLKO HeoOpaTvimoe 0ObEMHOE WameHeHwe. 3a npo-
ACNBHOW NECTMYECKON BONHOW PacnpoCTpaHAeTCA KBa3wunonepeyHaA nnacrv-
Yeckas BOMHA, OCYWECTBNAIUAA O4HOBPEMEHHbLIE OOBLEMHLIE WU CABUIOBLIE
HeoOpatumble AedopmMaiiun. B aTom Cnyuae TpyHT MOCneAOBaTenbHO ABaXAbt
npevepneBaeT HeobpaTUMeble U3MEHEHNA.

Takum oBpasom, NpY onpeaeneHUy BOSMOXKHOTO CeHCMMLECKOro IdexTa
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eoBX0AMMO YHUTEIBATE HEYRPYIAE NapameTpbl CPeAbl ¥ CKOPOCTU pacnpucTpa-
HEHWA B HEA KBa3UNPOAOMbHBIX YMPYronnacTMYECKux BONH 0B6BEMHOTO 13-
MEHEHNR W KBA3UMOMEPEYHON NNAcTU4eCKOW BONHel 06LEMHO-CABMIOBLIX W3-

MeHEHWA.

7.2. NBYYEHUE MEXAHUYECKWUX XAPAKTEPUCTUK IPYHTOB
NPU AUHAMUMECKWUX BOIAENCTBUAX

MNonyyeHWe AGHHBIX O Heynpyrom AeopmMUPOBaHWU FPYHTOB CBR3AHO €O
3HaynTeNbHbIMU TPYAHOCTAMM Kak B NabopaTopHbix, TaK W B NPUPOAHLIX
ycnoauax. Ocobhif uHTepec B 3TOM NnaHe NPEACTABNAIOT HATypHbIE IKCnepy-
MEHTbI,. NOCKONLKY OHY NMO3BONAKOT UCCAEAOBATL [ PYHT B YCNOBNAX BCTECTBEH-
HOrO 3aNeraHva.

Kaxk W3BECTHO, HAaMpAKEeHHO-AebOPMaMOHHOE COCTOAHUE KaXKAGK TOUKU
cpeasi ONPEAENAETCA TEH3OPaMK HaNpAXeHWA 0, v AedOPMaunn €, rae I, j =
=1, 2, 3. YcraHoBneHne (h3M4eCKOro 3aKoHa AedopMUPOBaHWA, T.6. yCTaHoB-
fneHune SSBWCMMOCTeﬁ MeXXAY 3TUMU TEHIopamw, Tpe6ye1 3KCI’\EpMM8HTaanOF0
ofpedeneHUA BCEX WX KOMNOHEHT. 3afaya CyweCTBEHHO YNPOUWaeTCA npw
WCCNeaoBaHun Npouecca AeOPMUPOBAHUA OAHOPOAHbIX W30TPOMHLIX Cpea.
B 3TOM Cry4ae MOXHO peanu3oBaTs TaKoW ONbiT, Npu KOTOPOM 3aBeAOMO
U3 FEOMETPUYECKUX COOBPaKERUA MOTyT DbiTb YCTAaHOBNEHbI Hanpasnenua
rnasHbiX OCEA TEH3OPOB HANPAXEHWA U AehOPMaAUNK, YTO NO3BONABRT OFpaHu-
YyUThCA UIMEpPEHUEM TpeX FNaBHbIX KOMMNOHEHT HaﬂpR)KEHMﬁ M TPpeX rnasHbIX
KOMNOHEHT AEPOPMaLMIA B CUMMETPUYHO IKBUBANEHTHBIX TOUKEX CPeAbl.
Takoi meToq uccneaosaHuyt Bein ocywecTeiaeH 8 WHCTutyTe ¢usuku emnau
AH CCCP [25, 28, 31]) v B UHcTutyTe cevicmonorun AH KasCCP {60, 61, 71,
168, 169]. OAnA ONbLITOB BbiBUpPaNUCh CTPYKTYPHO-OBHOPOAHbLIE Y4AaCTKW C
NOCTAaTOMHOM BONLLIOK MOLLHOCTHIO 3aMeraHna WCCNeayemMoro rpyHTa. Harpy-
eHve NPOU3BOAUMNOCH Takum 06pa3om, uTobbl UCCNEAYEMbIE NONA HaNPRXE-
HWA U aedopMauuii MOXXHO Bbino NPEANONONKATENLHO CYUTATb CHEPUHECKN MM
WM OCECUMMETPUYHbIMA.

B cnyuvae cihepnuecKol CUMMETPUY METOAMKE NPOBOAUMDBIX ONbITOB [2b, 28,
29, 80, 61, 71, 168, 169)] 3zaknwuanace B cneaywowem. Tpobypusanuct Tpu
CKBIXKUHBLI gnameTtpom 0,18 M Tak, 4TO Mx OCW neXkanu 8 OAHOW BEPTUKaANLHOW
NNOCKOCTY, a8 PACCTORHWE OT CpeAHed CKBaKWHE! A0 OOKOBLIX BEIU OANHAKO-
BbiMh {puc. 7.4) . CpefHAA CKBa)KMHa NpejHa3Hayanack ANA AOMELIEHWA 3aPAAA
B3IpsiguaToro BewectBa (BB). B aAByx BOKOBbix paaMetianucs TeR3GMETpue-
CKkue parunkun aecopmorpadhos, peruct pupyroumMx Aeciopmaunny, W Membpatnbie
TEH3IOMETpUYeCKME AATYAKWA  ANA  PETUCTPAUUN  HOPMAaNbHLIX HBMNPMKEHWA,
V3mepernn npouzsoausuce Ha ray6une ot 0,7 A0 2 m NPY PacCTOAHUAX MEXAY
OCAMWN B3PLIBHOW M M3MeEpPUTENLHBbIX CKBaxuH oT 0,5 40 1 m. B aHe 0AHON M3
M3IMEPMTENLHLIX CKBaXKMH MOCNE B8 TWATENLHOW OYMCTKU € NOMOLLLID ChEeuun-
anbHOro npucnocofneHua MOAFrOTABAMBANUCH FHE34a ANRA ONOPHbLIX 3NEMEHTOS8
ﬂeEbODMorpa(poa‘ Hechopmorpachbl YCTaHaBAMBAAUCH APYT Haf, APYFOM C pPasHu-
UBM No BhicoTe 1—2 cm Takmm 06pa3oMm, uTobsi OANH U3 HUX M3MepPAN Aedopma-
UMI0 BAONL ropuacHTaneHOro nNy4a, NPOXOAAILErO 4epes ueHTp 3apRaa BB,
@ BTOpOW — 8 HanpaBneHWn, NEpPREHANKYNAPHOM 3TOMY nyuy. Bo BTOpOW u3-
MEPUTENBHOW CKBaXMHe, Takke BOCNE ee TUETENbLHOW OUUCTKW, YCTaHaBau-
BanUCe memBpaHHbie AaTWMKM HanpAXeHW. DaTynkn NPDMMUMAanWce K CTeHKe
CKBAKMHbI MpeABApUTEnbHbIM CTATUYECKUM AasfienMeM oT 2 go 7 krc/em’
?a:al;pennanmx, 4TO MO3BONANO O?GCHGHMTE: PEFUCTPELNID KaK CXXUMAOLUNX,
Ta PaCTArvBarOWMX HaNpAXENNA, BO3HWKAIUWNX B FPyHTE NpU B3pPbBE.

KM 06pasom, NPoU3BOAUNOCE M3MEPEHUE HOPMANbHLIX HaNpAXEHUA, Aeit-
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Puc. 7.4 Cxema onpiTa B CNyuae COBPUHECKON CMMETDUN (TONA HanPAMEHNIA
7 - B3PLIBHIA CKBAXUWHa; 2 — NPUBOPHbIE CKBAXMUHLI, 3 -- 3apna BB; 4 — membBpan-
Hble patenku; 5 - gedapmorpodst

VL,

Puc. 7.5. CxeMa 0NbiTa /1A DCEBOW CUMMETOUN NONA Hanpa MeHud
] — TOYKA HAaHECEHUA YRAPA; 2 -- MeMBPaHible AdTYNKKM HanpskeHun; 3 — aedopmo-
: rpacdby

CTBYIOWMX HA (1A0WaaKax, 0AHA “3 KOTOPbIX NEpPNenauKyNnApHa nydwy, npo-
XOOAWEMY Yepes ueHTp 3apaaa BB, a Apyras napannensHa 3ToMy ny4y.

B cuny KOHCTPYKTUBHLIX OcoDeHHoCTen YCTAHOBOYHOTOQ yCTpOICTBa ANA
MemMBpanHbIX AATYWKOB CKBOXWHA, B KOTOPYK OHU NOMELWARUCL Obina Ha
10-20 cm raybxe asyx Apyrux. fipn 3Tom pedopmorpadst, MeMBpaHHbIE
patyukv wn 3apAn BB pacnonaranucs Ba oawHakoeBon rnybune. CkBaxmHa C
3apraom BB fniepep B3pbiBOM 3anuBanace BoAow. Tlpeanonaranoce, 4to apu
B3PLIBE MANOIO 33pPAA3 B CKBaXKMHe B NOAOOHLIX YCIOBWAX BO3HUKAKT AW-
HamMuueCKMe MONA Hanprxenut n gedopmauvin, obnagawwme chepuyeckom
CUMMETDUEN, TIPUMEM W3MEDUTEALHbLIE CKBAXXWHbLI BCAEACTBME MANIOCTH MX
AvameTpa 3TOM CUMMETDUN HE HapywawT. [py yKasaHHoW paccTaHoBKe npu-
CopoB 06BCNEMMBAETCA PETUCTPAUMA AIBYX MaBHLIX KOMAOHEHT Aechopmauni
€, W £, W ABYX TRABHbIX KOMNOHEHT HANPFAXEHUA 0. u 0. 1p1 3TOM BeINOA-
HAIOTCA PABEHCTBA 0, = Uy, €, =€y, TAE 7, ¢, 0 — Cihepuyeckue KOOpaAUHaTs!.

PasHO3HauHbIE YCNOBUA NPOBESEHWA ONBLITOB BLINOAHAAUCH ANA CEPYN,
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coctoRuwmx 13 20—30 u3mepeHnit, a ux pesynsraTel B NOCHeAyoWemM noasep-
ranuCh CTaTUCTUHECKOW 0BpaboTe.

Hapaay C 3TOW METOAMKOW BbINY NOCTaBNEHbI TaKXKe ONbIThbI, NPU KOTOPBIX
cOH3AABANOCH AUHAMWYECKOE MNOoNe HanpRxenud u aedopmacinid, obnagawoulee
oceBoi CUMMeETpHeln. Kak u B NPEAbIAYUIEM Cnyvae, OMbIThl POBOAUAMCH
B MAFKUX FpyHTax Ha raybune 1—2 M.Ha CTPYKTYPHO-O4HOPOAHbLIX Y4aCTKax.
Harpy)KeHMe OCYWECTBNANMOCL  YA3POM, HaNpaBnNEeHHbIM nepneHanKynapHo
BepPTUKANLHOW MNOCKOCTW, OrpaHUYMBaloWwen vwccnedyemyto cpeay (puc. 7.5).
Ypap APOUIBOAWACA TOPU3IDHTANLHO ABMXYIMMMCA CHapAgom Becom 32 r,
auamerpom 2,5 cM, umeolm ckopocts 500 m/c. CHapAa npoHukan sriy6e
rpyHra Ha 7—13 cm.

N3MEHRIOWMECA BO BPEMEHU KOMIMOHEHTbi HanprXeHud u Aecopmaunin
N3MEPASNINCS, B TOUKAX OCKW, ABAAKOLLEWNCA NPOAOIKERNEM TPABKTOPUW CHApA-
4a B vccneayeMow cpege. PacctosHve OT TOYKM NPUAGHKEHWUR HArpy3kn Ao
namepuTenbHbix Aatdmkoe cocrtaenAno 0,3—0,6 m. [laTuukn ycraHaBansanuce
B BEPTUKANbHO NPOGYpeHHBIX CKBaXUHax. Wamepamuch Aedopmauviv BAOND
nNpAMON, COBNAAAOLIEN C TPAEKTOpWEeW CHapAAa, U B NEPNEHANKYNAPHOM 3TOl
nPAMOY HanpasneHus. HanpAkeHuA perucTpupoBannch Ha naousapkax, opro-
FOHANbHBIX ITUM ABYM HanpasneHnam. Taknm 06Bpa3om, KaxKAbIM SNbIT cocroan
W3 ABYX W3MEPEHWi: NpuM OAHOM YA3PE PErMCTPUPOBaNNCh ABE KOMMOHEHTH
ZethopMaLMmn, a NpU CAeAYIOWEM — ABE KOMNOHEHThI HanprxeHunA, MNpu 3Tom
AedpopMorpael pacnonaranucs, Kak M B NEpBOM Cniyyde, OAUH Hal APYTvM
Ha paccroAHuv 1-2 cm.

OTMETUM 38€Ch, YTO TaKaA yYCTAHOBKa Npubopos He NnpuBoauna K NOABNEHMIO
CUCTEMATUYECKNX norpeu.lHOCTew B MWEDQHWA Aed)OpMauVM 32 CYET B3aUMHOro
BAWAHUA NpuBopoB. 3To GbiN0 ONPEfeneHo C NOMOWbI KOHTPONLHON Cepun
oNbLITOB, B KOTOPOW Ka)KAaA KOMMNOHeHTa jedopmalunn U3MEPANECs B OTACAL-
HOIt CKBAaMUHE. '

Xapaktep NPUROXEHWA Harpy3Ku W BbiBOp COOTBETCTBYIOWNX Y4acTKOB
AR NPOBEAEHUA 3KCNEPUMEHTOR MNO3BONAKT WHTEPNPETHPOBATL KaXKALIA
ONbIT KaK GMHAMUHECKUW TOYEYHBLIW YARP, HAaNPABMEHHbIA HOPMAaNLHO K 10CKOC-
1, Or PaHNYMBaOLLEN OAHO POAROE NOAYNPOCTpaHcTBO. OueBUAHO, YTO BO3HMKAIO-
e npy 3TOM NonA HanpAXenuid u aedopmaunii c6nanatoT oceBoW CUMMETPUEHA.
AnR KOMNOHEHT HanprAXEHHO APOPMUPOBAHHOrQ COCTOAHUA B TOUKAX, ne-
maumx Ha OCY CUMMETPUK, BLINOAHAIOTCA CResyrowiue COOTHOWEHUA: G, =0,

=0; € =€5; €; =0. 3pech 1, O, Z — UNMHAPUYECKNE KOOPAUHATLI. Us-
6paHHoe pacnonoxene npubopoe oﬁecneuuaano perucTpauunio ABYX rAaeHeIX
HanP>XeHUA 0, U G, W ABYX MMaBHbIX AeOPMALMA €, U €, B TOUKAX, NEMAWLMX
Ha OCW CUMMETPUKN, YTO ABMANQCE A[OCTATOYHHLIM ANR NONHOIrG onpeueneuwa
Han paXeHHO-AeOPMUPOBAHHOT O COCTOAHUR B 3TUX TOUKAX.

B 04uHaKoBbIX YCMOBMAX NPOUIBOAVNNCE CEpUl U3MEpPeHWid, COCToAwMe
13 2030 onuLiTOB, Pe3ynbTaThl KOTOPLIX 3aTem T3KKe cTaTuctuuecku obpa-
GaThiBanuCh. KismeputeneHana ycTaHoBKaE, DAoK-CxemMa KOTopas NpPeAcTaBneHa
Ha puc. 7.8, COCTOWT M3 TEH3OMETPVHECKOW CTaHLUU 1 PAAA BCMOMOraTensHeIX
npucnocobnenui.

Dedopmorpady (puc. 7.7) npeactagnAeT coGoW ABA KOHUYECKWUX ONOPHBIX
3INEMEHTE, C OAHMM U3 KOTOPLIX KECTKO CBA3aHa CTaNbHAA NNACTUHKA TONUIM-
Hois 0,1—0,2 MM ¢ HakneeHHbIMN Ha Hee TenwsogaTwkamu NKB-20-200. Nnac-
TMHKA MeXaHWuYecKW CBA3aHa CO BTOPbLIM ONOPHLIM 2nNeMeHTOoM. Cmeulerue
ONOPHLIX 3nemeHToB Aedopmorpada OTHOCUTENBHO APYT APYra NPUBOAUT K
u3rnby nnacTuHbl W, CNEROBATENLHO, K U3MEHEHWH) CONPOTUBNEHWUA TeH30AaT-
ukos. B HepaBouemM COCTOAHUK NONOXKEHUE OMOPHBIX 3NEMEHTOB Aethopmorpa-
tha DUKCUPYETCA appeTUPYIOWMM 3aKUMOM, KOTOPbI cHUMaeTcA ¢ npubopa
nocne ycraHoskW ero B rpyHT. Havanewan 6asa aedopmorpados (paccToRHue
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P n c. 7.6. Bnok-cxema yCTavOoBKM A0R UIMEPEHUA FIONA HANPAKEHUA ¥ AeDOPMAUUR 1pu
OCERBOW CUMMETPYM BO30YRAEHUA
{ — AOHMBe CcKBaAMHHLIE pedopmaunn; 2 — memBpaHHbie AaTYMKU HBNPAXKEHVH;
3 — YTCN2 8T-35; 4 — csevony4esoh ocumnnorpad; 5 u 8 — WCTOYHMKY anTawwa; 7 —
YCTPOWCTBO ANA OTMETKI MOMEHTE HAYaNa Har PYKeHUA

rj# J
I
|
|

P uc. 7.7. Cxema AQHHOTO CKBIKNHHOIO AedoPMOT pata
7 — onopdsie anemedTe; 2 — CORAMHUTENBHBIR WTOK; 3 — SPPETUPYIOWAEA NnaHKa

MEXAY KOHUEMW ONOPHLIX INEMEHTOB B HEHar DYXXeHHOM COCTOAHMM) cocTagna-

na o1 35 40 132 Mm # BRIBMpanace ¢ TakuM pacueToM, u4TOBbI, C DAHOI CTOPO-
Hb, 43CTh I'PYHTA, 33K/HOUYEHHAA MEXAY ONOPHLIMKW 3nemexTamu Bbina AOCTaTOY-
HO NPeACTaBUTENLHOK U, C APYroW CToporb), Basa Gwina Bbl nocTouHo Mana no
CPaBHEHWIO C ANUHAMW PacRpPOCTPaHAWMXCA BONH. [edopmorpathbl usrotas-
nusanucs 13 gropagromuuna [1-16 v o6naganu BecbMa MansimM CONPoTUBREHAEM
Ha CxxaTue—pacTtaxeHwe. B pabouem AvanasoHe BCe MCNONL3OBaBWNECA aedop-
morpadel o6nagalot nnHelinoit xapakTepucTikon. MNpuBopHas norpewHocTs,
CBA3aHHAR CO CMocoBoM MX rpaayMpoBKU, MMeeT Benuuudy nopaaka 1075,

AnA u3MepeHnA KOMMOHEHT HaNPRAMEHUA WUCNONLIOBANUCL MeMBpaHHble
TeH30AaTRMKKN. MemOpanHbie TeH30AaTYMKW npeacTaBnAnu coboit  aropanio-
MWHEBbIE CTaKaHbi AuMameTpomM 50 MM, BoicoTOM oT 6 o 17 MMm. Juamerpeut
membpar 34 MM, a X TonwuHe! 0T 1 40 2 MM, C BHYTPeHHEI CTOPOHb! AaTYM-
Ka Ha membpaHy Waknewsanuce pabouve, a wa BOKOBbBIE CTENKU — KOMNEHCa-
LMOHHBIE TEH303nemeHThl, [nA ofecneueHnA Xopowlero KOHTAKTE €O cpefoM
C BMEUIHEA CTOPOHbI NO UEHTPY MemOpaHsb! Aenanack HAKNENKa M3 BaKyyMHON
pesuHbl TonwmHoW 5 1 Auametpom 34 mm. [Ratumkin repMeTUMHO 3aKpbIThi
®Kpbilwkamy ¢ HTOponNNacTUKOBbIMU NpoKnaakamu. Bo Becem paboyem ananaio-
He MemOpaHHble AaTunKK 0613ganu NUHEIHON aMNAMTYAHOR XaPaKTepUCTUKON.
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ﬂe(bopMOl'paCbbl " MeM6paHHb1e AaTWMKU  MCNONA3OBANUCH COBMECTHO C
vaBepcafIbHOﬁ TEH3OMETPWUYECKOR  yCTaHOBKOM, paboTalowen Ha Hecywen
35 ky 1 oBecneynBaloWen HagexHoe M3IMePeHne NPOLECCOB B Anana-
yacrot o1 0 Ao 7 k4. YcTaHOBKA € aMfNMTYAHON MOAYNALRWEN HanpAXe-
LA 4aCTOTbI NO3BONART UCNONL308ATL CTATUCTHUECKAE TAPUPOBOYHbIE YCTPOMCT-

4yacToTe
30HE

Ba ANA CHATMA aMIMNTYAHBIX X3aPaKTepUcTUK. OTKIoOHEHNE OT NUHENHOCTY
aMﬂﬂyﬂyngIX XapaKTe[?—MCTMK KaXwAorg KadHana yCraHOBKW HE NpeBbillaeT
2% OTKOHEHUE OT NIMHEMHOCTN YaCTOTHbIX XapaK TeprCTUK 3%. :

[nA 3anMck MCCAEAYEMBIX MPOUECCO8 BO BPEMEHU WCMONb30BaNcA CeeTo-
nyveBow ocunnnorpad. pumenanmMcs ransBaHOMETPLl C COBCTBEHHOW 4acTo-
roin koneBarui 800 v 1600 Mu. Curnaner sanucbisanvce Ha ocuwsanorpatHyto
hoTobymary wupunon 120 mMm, yyecTeuTensHocTolo 800—1200 ex. TOW npm
cKOpOCTV APOTAXKK 2,5 M/c. Mapki Bpemenu HaHocunuce sepes 0,01 c.

KpoMme yxazaHHsix ipubopoB, B KOMNNEKT CTAHUMA BXOAWMM Cneayolme
gpcnoMoratenbHbie yCTPoOMCTBA. YCTPOUCTBO ANA HaHeCeHUA MeTKyu Havana
Har pyKeHuA npPeacTagnano coBON INEKTPUYECKYIO CXEMY, BKNIOUAOWY B
cebs 0TPe30K TOHKOW KOHCTAHTAHOBOK MPOBOMOKU U OANH W3 KaHANoB CBeTO-
nysesoro ocuvnnorpada. B momeHT B3pbiBa (Mnn yaapa cHapapa O fperpaay
npu atopom cnocobe HAFPYXKEHUA) NPOVCXOAUT Pa3pbIB 3NEKTDUUECKON Lenu
v Ha totobymare pPerucTpUpyeTcA Ckayok Toka. MNonyvaemar Takum oBpasom
MeTka No3BoNReT GoNee TOUHO ONPEAENMTL MOMEHT HAYana Har PYXKeHWA, Hexenu
310 MoXeT OblTe CAENaHo No nepeanHuM hpoHMTaM MMITYNILCOB HANPAXKEHUA W
4ehOPMALMA, YTO BAXKHO MPU CTaTUCTUHECKOW 0BpaboTike pe3yneTatos ONLITOB,

YCTPONCTBO ANA YCTaHOBKW aediopmorpadoB npeactagnreTt coboi appeTtu-
PYIOILMIA  MEXaHW3M, C NOMOWbBIC KOTOporo fecopmorpathel ORYCK4IOTCA B
CKBaXkMHy W yCTaHaBNUWBalTCA B8 paHee AgaroToBnesHele AnA HWUX rHesda
(yray6neHnn B gHe ckBaXkudbl) . [locsae 310ro yCTaHOBOUYHOE YCTPROWCTBO BbIHU-
M2eTCH Ha NOBEPXHOCTb, a AedopMOr past, NnepeseaeHHbie B paboyee COCTORHNKE,
OCTATCA B U3MEPUTENbHON CKBAXNHE. :

YCTaHOBOYHOE YCTPOWCTBO ANA MemBpaHHbIX faTUMKOB npeacTasnAaet coboi
CNEUMANEHLIN 33U M, CHABXKEHH LI YCTAaHOBOYHONW WTAHTOM. Ha passknmes ABYX
B3aMHG NEPNEHAUKYNAPHLIX HanPaBneHu: X KpenaTcA M8M6paHHble AaTYAKK .
YCTPOACTBO NO3BONAET OAHOBPEMEHHO YC.dH3BAWBATL 4EThbipe AATYAKA W 3aja-
8aTb HauanbHsll NpornB membpaHbl, YTo 0BECNEYMBAET HAAENKHBIA KOHTAKT
CO CTEHKaMU N3MEPUTENBHOR CKBAXUHbI.

TapuposouHoe ycTponcTBo AnA AedopMOrpadoB COCTOMT U3 CTaHUHbLI,
ABYX BEPTUKANbLHLIX CTOEK, MMELLUMX BMHTH)-33>KMMbi ANA KPenneHus Aetop-
MOrpata U MUKPOMETPUYECKOra BUHTA, 33A30WIETD flePeMELUEHUE OMOPHLIX
INemMeHToR pedropmMorpatha OTHOCUTENLHO APYE APYra.

YCTPOWCTBG AR TapuposKW MeMBpaHHbIX AaTYMKOB COCTOUT #3 Kamepsl
aaaneuwa, SannoHa CO CXaTbiM ra3om, peayKTopa, ABY X MaHOMETPOB U rubrkunx
COBANHUTeNbHLIX WnaHroB, MemBpaHHbIA AaTunK MOMELLAETCA B Kamepy Aasre-
HUA Takum 06pa3om, YTO AOCTYN CXaTOrG BO3AYXa OCYLIECTBNAETCA TOMbKO
K noBepxHocT MemBpads!, AaBNEHMe B Kamepe KOHTPOAMPYeTCcA obpasuo-
BbIM ManoMeTpoM,

Npn BLIBopKke KOHCTPYKUMM AATYMKOB ANA ONMCHIBAEMbIX WCCNEAOBaHW
CNeAyeT ouenUsaTe BENWUUMHY CUCTEMATMUYECKUX MOTPEWHOCTeR, KOTopble
MOryT uMeTb MeCTO Npu M3MepPeHUAX HANPRXeHWA W aehopMaunii B rpyHTax
[158]. OtHocuTenbHAA NOrPEWHOCTs U3MEPEHUA HanpAXEeHWA, pasHan (o —
Go) fo, = A, + A _ onpeaenseTcA B OCHOBHOM ABYMA (BaKTopami: Morpew-
HOCTLI0 A, cBA3AHHON C KOHUEHTPaUWed HaNPRXEHU? BOKPYr Kopnyca fAatw-
K& Kak aBConoTHO ECTKOro BKNHUYEHWA W MOCPELIHOCTLIO A_, CBA3IaHHON
C BNUAHWEM NpPoruba YyRCTBUTENHLHOIO 3nEeMeRTa AaTunka {membpaHsl) . Ecnn
BbINCNHAOTCA cooTHoWweHna 23 < 050, H << D, rae a — paanyc membpaHul,
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D — BHeWHW! AnameTp Aatuuka, H — BbICOTA RATYMKE, TO C AOCTATOYHOM Tou..
HOCTHIO MOXHO NONaraTs, 470 :

“ A, HID.

3peck u = M/E| — OTHOWeEHWE MOAYNA CABUIa K MOAYNIO AediOpMaunY TPyHTa,
KOTOPBIA ANA rRY6biX OUEHOK MOXXHO NPUHATL paBHbiM 1/3. .
MpuMereHne AOBOMbHO TPOMO3AKOIrD Pa3X@MMHOMO YCTPOWCTBA ANA MeMm-
BpaHHbiX AaTYMKOB CYLUECTBEHHO yYBEINUMBEET 3TY OWNBKY, TaK KaK HapyLsaeT-
ca HepageHcteo H << D, OaHako 37y oWmbBKy MOXHO 8 HEKOTOPOI CTeneHn
YUYecTb, UCMONb3yA Tabnuuy NonpasoyHbiX Ko3hPUUMEHTOB, Kak 3To npeana-.
raetch 8 paboTte [31). BenwunHa norpewHoCTU oTpuuaTensHoro sHaka A
c8H3aHHaA ¢ npornbom memBpanel, MOXeT B6ITb oueHeHa Na opmyne

A_=- (1+1054/E,a*y",

rae ! =E,d3/12{1 — k) — UMIMHOPMHECK AR XKeCTKOCTL MeM6paHb|

410061 u3bexars oWMBOK, CBA3AHHBLIX C AUPPAKUMOHHBIMU ABAECHUAMU,
cnellyeT TaKike OLEHMTb Bpema YCTAHOBNEHWA KBA3MCTATUCTUYECKOrD PEKMMa
ABWKEHUA AaTuvoB No dopmyne to = 5L /C, rae L — X MaKCUMENbHBIA NMHEN-
HbIA pasmep,C — CKOPOCTL PACNPOCTPaHeHUA NPOAONLHLIX yNpyrux sonH [ 158] .

B ¢BA3M ¢ Tem, uTO M3MepeHUWe - HANPAXEHWA NPOM3IBOAWUTCA Ha CTeHKaX
CKB@XWHbBI, 3 U3MepeHWe AeOPMAauA — Ha €e M, OCTAIOTCA HEeyUTEHHbIMA
NOrPeWHOCTY, CBA33HHLIE C KOHUEHTDAUWEN HAMPAXEHWR BOKPYr CKBaXWHbI.
OfHako 3KCNepuMenTLl, NPOBRACHHBIE CO CKBAaKWHOM, 3aCHINAHHOW U yTpam-
BOBAHHOM BbIHYTLIM U3 Hee TPYHTOM NOCNe YCTaHOBKM B Hett npmbopos [31],
NOKas3any 8 4YaCTHOM CAyYae, 4YTO 3TW NOMPELHOCTM HECYHIECTBEeHHb!. Que-
BULHO, 4TO ANA MOATBEPKAEHWA [OCTOBEPHOCTM NONYYEEMbIX PE3YNbTaTOB
AR K@XA0TO M3 UCCREAYEMBbIX y4acTKOB HEOOXOAUMO CAENaTh BCE BbHuenepe-
UUCTIEHHBIE TEOPETUYECKUE U OMNbITHLIE OUEHKU NOr PELLHOCTEN.

B noBom crnyvae nony4eHHble CBA3M MEXAY HanpRXeHUsMA U aectho pMauna-
MW MOXHO CYATATb YCMNOBHbIMU CBA3AMU, OTRAKAWWMMI HENUHERHOE U HeoBpa-
TMMOe Ae)OpPMUPOBAHME TPYHTOBR NPM AUHAMMUYECKUX BO3LEMCTBUAX K NO3BO-
NAWMMU OUEHKUBATL AWCCUNATUBHLIE NOTEPY 3HEPFVW, BbABNWTL 30HY. Heyn-
pyrvux Aethopmalumin 0uara B3pbiga, OUEHNTE CKOPOCTH PAcN POCTPaHeHUA Heynpy-
FUX BONH W T A. .

B kawecTee MNAIOCTPAUMM NPUBEAEM 3ACk HEKOTOPbLIE Pe3ynbTaTbl ONbITOB, .
nposeaeHHblX B Mnuiickom panoHe AnmaaTuHckon obnactn. Miccneposaswveca
YUYaCTKN CROKeHbI NECCOBUAHBIMY CYIMUHKAMM MOLHOCTBIO 80 5 M. pyHTO-
Bbie BOAbl 3anerawT Ha rnybude 3—6 M, OTHOCUTENLHAA BNAXKHOCTL FPYHTOB
cocragnaetr 10—20% v ysenuumsaetcA No Mepe NPMBAMKEHUA K yPOBHIO TPYH-
ToBbIX BoA. O6bemubI BeC ckeneTa 1,40—1,65 riom’ :

Monyyertble B ONLITAX OCUMNNOTPaMMb! FIABHbIX HanpAXeHun v aedop-
Mauuii noasepranvce QuUMpPoOBKE C WAFOM NO BpemeHu, paBHuIM 0,5 mc, Ot
LaHHbIe UCNONL3OBANUCH BNOCANEACTBMM ANA ONpeaeneHna CPeAHEero rnapocTa-
TU4ECKOro AaBneHuA £, obbemHoi aedopmauny 0, UHTEHCUBHOCTU HanpAXeHui
0; v WHTeHcuaHOCTU Adedopmaumii ¢ ;. [INA COOTBETCTBYHOWMX MOMEHTOB
BPEMEHN B KaXAOW CEPUM ONBITOB, NPOBCAVBILUXCA B OAUHAKOBLIX YCHOBUAX,
onpeaenAnoOCL cpeaHee 3HAYEHUE U3IMEPAEMOLE BENWYUHLI, CPRAHAA KBaapaTUyec-
KaA MOTPEWHOCTL CPeAHero apnMeTHYecKoro ¥ BeAuuMHA ADBEPUTENLHOTO
WHTepBana ¢ ycroBreM 3aflaHHol Hagexrocty « = 0,80,

Ha pwc. 7.8 npueeaerb) nonyveHHbIE Ha 0AHOM U3 YYaCTKOB W OCPERHEHHbIE
no CepnM NIMepeHWn 3aBUCKMMOCTW HaNpAXXeHwd U AedopMaunit OT BpeMEHH,
M3MEPEHHbLIE HAa OCY CUMMETPUM NPKU TOUEYHONM yAape Ha NoBepXHocTH. Mamepe-
HWA NPoOBOANMAUCHL Ha rayBuHe 0,3 m.
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P uc.7.9. [inarpammsl 06beMHOro cxaTur {a) v casura {6} npu Tovewom yaape

Hanpsxenuna 0. npeactaBnanT cobol nepsadavaneHyio dlasy CxaTuA U cre-
Ayioyio 33 Hew hasy pacTmkeHWA. $Paza CKatMA ANUMTCA 6 MC U nmMeer 8ua
HECUMMETPUUHOro Kynona. AnuTenbRoCTs nepenHero HPoHTa UMNyALCa pasHa
3 Mc. PaguansHbie HaNPAKEHUA 0, 3HAYUTENIBHO OTCTAKOT 110 BPEMEHM OT HanpA-
HEHUA U, WM NOCTUTalOT CBOEro MakCUMANbHOTO 3HAYEHUA Ha 2 MC NO3IXKE MaKCU-
MYM3  HanpreHuit ¢.. Caeayer OTMETWTL, YTO 3aBUCUMOCTY  HamnpRXeHUN
OT BPEMeHU yACBNETBOPUTENALHO COTNACYIOTCA ¢ TEOPETUYECKW PacCuMTaHHbIMU
B pabote [125] u 3kcneprimeHTanbHO NoNyyeHHbIMKM B pabote [30] .

Paauvanessie pedopmaumm €, Takyke HaYMHaOT Pa3BUBATLCA HECKONbKO
nNo3ke nedopmauni € ;, CAHAKO CBOMX MAKCHMMARLHLIX 3HAYEHWA OHU AOCTUra-
0T NPaKTUYECKU OAHOBPEMEHHO.

Ao peaynbraraM 3mmx wamepenwii Gbinn NOCTPORHD! ANArpamMma oBbemMHoro
Cx¥atna £ — § w puarpammel caenra o; — e ; (puc. 7.9) . llmar pamma 06beMHO-
O CXaTuA WMeeT BUA NETAU, KOTOPYID B NPEAGNAX TOUHOCTU IKCNEPUMEHTA
MOXHO nonarats 3aMKHYTOW, T.e. OCTaTouHbiX OGbeMHBIX AedopMaluin He
Habnogaetca. Tem He menee OYTb AWHaMUYBCKOTO Harpy>KeHWA He COBMafaer
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P u c. 731, Buarpammel o6bvemuora okatua la) v casura (6} npu toueuHom B3puiBe
1 — nepBbI B3pLia; 2 —~ BTOPOR B3PLIB

C NYTeM Harpyskm, YTO NPOWUCXOAMT 33 CYET CYLIECTBEHHOFD OTCTaBaHWA BO
apemenn Aedlopmauuii OT CODTBETCTBYIOWNWX UM HaNPRXEeHWA. JKChepiMeH-
TaNbHO NONYYEHHER 38BUCKMOCTL 0; —~ € ; BAU3KA K NMHERHOMR, NPUUYEM PasHWLa
B NYTH Harpy>XXeHUA U paspysxv g fPEenax TOUHOCTM SKCMEPUMEHTA He OBHa:
PYXUBAETCA NPU Harpyskax 40 2 kricm? .

Ha pvc. 7.10 npuaeseHbl 3aBMCUMOCTA PAAKANBHLIX W OKPYXKHLIX HanpAXe-
Hut # AeOPMaUMI OT BPEMEHM, 3apernCTPUPOBAHMbIE PU B3PLIBE DAHOTO
AETOHATOPa Ha pacctofrun 0.5 M oT Touku B3pbiBa. B onbiTeé OCYWECTEAANMCE
YCroavA CHEPUHECKON CUMMETPUY ANR BO30YXA3EMOro AMHAaMWYeCKOro NonA
HaNpPRXKEHWA . nonyqeurlbae 3aBUCHMOCTH NOKA3bIBAIOT CYWIECTBOBaHME AKOBbI!
“OCTATOYHBIX HANPAMEHWUNA'' NOCNE OKOHYRHWA AUHAMUUECKOFG npouecca. 310
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QBLACHAETCA TEM, YTO, KAK YKe OTMEYanoCt Bbille, NPU YCTaHoBKe membpaH-
HbiX AATUAKOB CO3AABANOCH NPEABAPUTENbHOE CTATUYECKOE AaBneHue NOpAAKa
G kre/cm® AnA TOrO, 4TOBLI Ha ero (ore 3aperncTpUpPoOBaTL PacTArUBalOLME
nanpAxeHns. MakcnmanoHeie obbeMHsle gedopmauni Ha 25% npeBbilaT
snatennA, COOTBETCTBYIOLUME MaKCUManbHOMY AaBneHwo. flyTe Harpyxenwn
He coBnajaet c nyTem pas3rpysxku, Kak n B NpeabiaywiemM npumMepe.

CyileCTBeHHO OTAMHEETCA OT NPeAbIAYILErO CY4aA 3aBUCHMOCTb UHTEHCHUB-
noct  medopmauuin {puc. 7.11) . Kak v avarpamma o6beMHOro CxaTuA, OHa
AMeeT BUA 3aMKHYTON NeTnu. NyTu Harpy»eHua u pasrpyskyu He COBMARaT.
MaKCUMasbHOE 3HAueHUe WHTEHCUBHOCTY gedopmaumid Ha 28% npessiwaert
aHaueHvie, COOTBETCTRYIOWEE MaKCUMYMY MHTEHCUBHOCTY HanpPRXKeHui .

VIHTepeCHO OTMETUTbL TAaKXKe, YTO NpU PAAE NOCNEA0BATENLHBIX OAHOTUNHBIX
HarpyXeHW’ AnA TPYyHTa U3MeHRETCA BuA AmarPamm o6veMHOro Oxatma
{puc. 7.11, xpueaa 2) . Tak, yxe Npu NOBTOPHOM Har PyXeHUW MaKkcumansHbie
obbemHble Aediopmauny CTaHOBATCA Ha 20% MeHble, Hexenu npr NepEOMm
97ane Harpy>eHWA, a fMHEWHbIA Y4YaCTOK 33aBUCUMOCTW, COOTBETCTBYIOWMUIA
Hauany HarpyXeHWA, YSenuyMBaeTcA flo4Tu BABOE. PasHuua 8 ANHAMUYECKUX
anarpammax, COOTBETCTBYIOWMX NepBOMY M BTOPOMY 3Tanam HarpPy¥eWus,
He CTONMb CYLIECTBEHHA.

7.3. N3YMEHWE KOSIEBAKWA AHEBHOWA NOBEPXHOCTW FPYHTA
nPU CEACMUYECKUX BO3JEWCTBUAX

[nA BbiIACHEHVA ABNEHUA Pa3PyLWEHNA BEPXHEN 4aCTV TPyHTa NPy UHTEHCUB-
HbiX BO3A951CTBMFIX paccMoTpUM MO 4eflb K MEXaHU3M OGDGBOBGHWH OTKONbHbIX
NOBEPXHOCTE B MPYHTAX HA OCHOBE IKCMEPUMEHTaNbHBIX PaboT, NPOBEAEHHBIX
8 NOMEBLIX YCNOBUAX HA MATKMWX MPYHT&X ECTECTBEHHOMO 3aneraHuA, nogeepras-
WM XCA B3PbIBHOMY BO3AEUCTBUIO.

MpeacrasuM ynpoLerHyo Moaenk MAFKOTO MPYHTa Kak OoTAefAbHbie Mac-
Cbi, COGAMHEHHWLIE MeXay COBOM ABYMA NPYXUHAMWU C KecTkocTAmM Ay un
R, Tak, uTo B HeaethOPMUPOBAHHOM COCTORHWUN KOHUbl OAHOM NPYXUHLE CKPEN-
fEHLY € Maccamu, a KOoMUbl APYro# Toneko KacawTca ux [122]. Mpu cxatum
paboTaloT 06e NPYXWHbI, 8 NPY PacTAXEHWW — TONbKO OAHA CBAR3b A, . Takar
OAHOMEPHAA MOAENb OnNuCsIBaeT npv A, — 0 OBbIYHY vABANbHOYNPYTYIO
cpeay, a npu R, —> 0 — cbinyuyw. Takum obpa3om, MRIKaR cpega ABNAETCA
HEKOTOPbLIM MPOMENYTOUHBIM CRYYaeM MEXAY WAEaNbHOYMPYTOoN W Chiny4en.
B cpepax, MMeloWMX pasHble MOAYNM Ha CXaThe U PacTAXKeHWe, CKOPOCTH Npo-
AONBHLIX BOMK AOMKHbI UMETb 4Be CKOpocTn Vp_ M Vp..

OpuneHTupoBoUHLIA pacueY NOKa3an, 4To aarke NpPU AeCATUBANNLHOM celicMmu-
YECKOM IdhcheKTe HanpAXeHUAMU pa3pAkeHuA GyaeT 3axsaveH CNOW MATKoro
TPYHTa, He npesbiwarowmin no rmybune 30 M, Wckaxenua diopmbl NPOROML-
HOW BONHbI, BbIZBAHHbLIE PA3NUUMEM CKOPOCTEA CHATMA U Pa3PEeXXEHVIR, HE ycne-
BalOT HaKONUTLEA W HUKAKUMKM CEMCMOPA3BEAOMHBIMKU NPUMEMaMu He onpepe-
NAKTCA. No3toMy naMeneHMA (GOPMbI BONH CXATUA W PaspPeXeHns He MOryT
BbITh OBHapyXeHbl 0BbIVHBI MY HABMNIOAEHNAMM NaXe NPU HaNWMYNK ZHAYU TENbHLIX
aethopmaymii. OcofeHHOCTL CelcMmUuecKoro addekTa Ha PEIXNOM rpyHTe Bynet
CKa3bIBaTbCF| rNaBHbIM 06{)630M H& N3MEHEHWN aMNNUTYAL! KOHGGGHM“ nogepx-
HOCTY 33 C4YeT yBeNWYEHWA ee CMEUeHWA BBEPX, T.e. 0COBEHHOCTU noBeAeHUA
PLIXNO Cpeabl MOryT HaBNIOAATHCA Y AHEBHON NOBEPXHOCTY.

Mpn nagenun sonn cxkatus Ha cB0BOAHYIO NOBEPXHOCTh OT HEE OTPAKBETCH
BOMHa pazpexeruna. 3a cyeT 370ro CBOGOAHAA NOBEPXHOCTb fONY4AET AONONHU-
TenbHsil nmnynse, HanpaBneHHbIN BBEPX. B TO e BPEMA HanoXeHne nagalulen
W OTpaseHHOl BOAH MPUBOAMT K TOMY, 4TO Ha@ HEKOTOPOM PacCTORHWM OT
ceoBogHoi; NOBEPXHOCTU BHYTPW CPEAbI HANPAXMEHNA OKa3bIBAOTCA DAacTArUBa-
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WWWMK, W NIpU QOCTATOYHON MHTEHCUBHOCTA Majaloler BONHbI OHW MOFYT
MPeB30UTY NpPeAen NPOYHOCTH Cpefbl Ha paspbiB. TOTA3 BHYTDW BO3HMKaET
HoBaA CBOGCOAHAA NOBEPXHOCTb — MOBEPXHOCTb OTKoNa. OTKONOBLUAACA YaCTh
TEPAET CBA3L ¢ OCHOBHOIT MaCCOW FPYHTa W HAYMHaeT ABWFaTbCA B fONE CUNLI
TAMECTH, 3 UMEHHO: NPU NAAEHUN BONHL) CKATUR Ha cBOBOAHYIO NOBEPXHOCTY |
OTKONOBLUAACA 4acTb FPYHTa NPUOBPETaeT Ha4anbHyto CKOPOCTL, HanPasneH Hyo
BBEPX, W cosepwaeY 3atem csoboaHoe NajeHne, saBepwaloLleecd UX YAAPOM
06 OCHOBHYIO Maccy. B pe3ynbraTe npoMCXOanT B3PbIXNEHNE TPYHTE Y AHEBHOW |
MOBEPXHOCTU - pE3yNeTal NPOABMEHUA HenuHeliHoro addexTa. OTMeTum, |
4Y0 Makpocercmuueckue oGCNeAOBaHMA PAAA CUMbHGIX 38MNETPACEHUI 0BHapy-
XKANU, HTO B 3NMUEHTPaANbHOW OHNACTM AHEBHAR [OBEPXHOCTL TPYHT3 Obina
PaspylweHa U npeacrasnAna cobow BUA BCNaxanHoro nona [147]. 3tn daktet |
NOATBEPXAAKT HannyMe 0COBEHHOCTEA NOBEREHUR [PYHTE, KOTOPLIE MOMHO
0BbACHNTH BUIUUECKOR HERUHERHOCTHIO. :
BO3MONHOCTD yHeTa HEMHEHOr0 NOBEAEHNA MATKWUX FPYHTOB HA AHEBHON |
NOBEPXHOCTU PacCMOTpUM HE CREAYIOILEM npumepe. fTycTs npodune rabnioae- |
HUR COCTOMT TONBKO U3 ABY X TOUEK. NepBait NYHKT HAXOAUTCA ¥ YCThA CKBAXY- |
Hbl, BTOPOA — Ha HEKOTOPOM yfanenin. HabnwogedHsit CnexTp cnaboro B3apsiBa -
8 AyHKTe 2 MOXHO NPEACTaBUTL Kak NPOM3BEAEHME YACTOTHOM XapaK TePUCTUKY
CPeab) Ha COOTRETCTBYKILUMIY CNEK TP BIPLIBA ;

S(12) =S tu) X (2). '
AKBNOrMuHo CREKTP Manoro B3pbiBa B nyHKTe 1 3anunilerca B BuAe
Sy, 1) =8 (u} X {1}.
MpK CUNBLHOM B3PbIBE HAaBMIOAEHHLIN CMeKTP B NYHKTE 2 GyaeT umMeTh 8uA 3

S{6,2) =5} X (2}, a y vCThR cKBaXUHGI, TAe ByAYT NPOABAATLCA HENWHEN-
: Hble iheK Tol, HABRK AEHHBI CNEKTR MOXXHO NPEACTaBUTL B hopmMe

S6,1) =8 (8) X {1} N{fF).

3aech S (u} — cnexTp manoro Bapsisa; S {8} — cnexTp Bonbworo s3puiBa; §
X1{1) — vacTOTHaR XapaKTepuCTUKa CPeAbl B paioHe 1-ro nymxTa; X{2} — 3
YaCTOTHAR XapakTepucTWKa CPeAbl B paioHe 2-ro nyHkTa; N{f) — cnexTpanb-
HaA nonpaska Ha HeNVIHEMHOCTL, 33BUCALLAA OT KONuuecTea 3B wu yactoTei. 3

OtHolLeHKMA CrexTPos ANA BoNLLOro ¥ Manoro B3pbiBOB B 1-M 1 2-M nyHKTaxX 4

S(5,1) S XN
St 1) S () X(1)
$16,2) _ S{5)X12)

S2)  Swx@
MO3BOMAKT NONYUUTL
CSE.1S W2

( ———

S$.2) S

Mpr nposeaeHWn ABYX OAUHaKOBbIX CRabbiX B3PLIBOE MEAWHERHOCTh HE
APOABNAGTCA WU HEnNWHeWHan nonPaska paBHa eAnHWUE. T1pKM pasHOBENVKUX
B3PbiBaX MNOMPABKA Ha HENNMHEMHOCTL OYAET 3HAYUTENLHOWN .,

Mpn nomowwm napametpa AM{f} MOXHO NPOBOAWTL TEAAALMID KOSeBarni
B 33BUCMMOCTW OT WX UHTEHCUBHOCTU, 3Ta nonpasxka NM{f) moxet cnywuTob
OAHAM U3 NapaMeTpPoB, XapaxKTepuayllMM ceicmuyeckue CBOWCTBa FpyHTa.

3agaua HaTypHoix HabnwAeHMA COCTOMT B PErucTpaLuMWM U WUCCHeA0BaHUN
HEeMMMHENHbIX  XapaKTepPUCTUK rPYHTOB. B MoNeeBsIX YCNOBUAX Ha OOHOPOAHBIX
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MAFKUX [PYHTaX NPOBOAARTCA KamydreTHble B3PbIBbI, perncTpauna KOoTOPbIX
gefleTCA Ha AHEBHON NOBEPXHOCTU. [0 NOMYHEHHBIM U3 IKCHEPUMEHTE CenEMO-
FpAMMaM OMPERENAIOTCA KUHEMATUHECKHE Y AUHAMUYECKUE NaPaMeT Dbl

B akcnepumerTe oCoBoe BHUMAHWE yAenAeTcA AWHAMMYECKMM napameTpam
rpyMTa {amnAnTyae, 4acToTe v T.4.), KOTOpPbIE HecyT OCHOBHYH viHho pMaumniG
o cpeae. JT0 OnpPedenaeT nosblweHHbie tpeﬁosarwm K annapaTypHoMmy Kom-
nnekcy. Hamy nenbiTHIBANCA CeRCMUYECKUIA KaHan, COCTOA LUH U3 UHTEr PUPYIO-
Lero yCMIMTEeNA € NOCTOAHHON BpeMenn 0,1 ¢, ceicMONpreMHUKOB C coBCTBEN-
now vactotoit 10 Tu v wnehdosoro ocuunnorpada, cHabwerroro 80-repuosbt-
MM ranbBaHoMeTpamMi. B KauecTse 0TMETHMKA BPEMEHN UCNOMbL30BaICA BHYTDEH-
Wit oTMETUMK ocumnnorpada, pabotaowmi ¢ yactotoir 100 Mu v HanocAwwMA
OTMETKY BPEMEHW B BMAE NOMEPeyHbIX NOMOC TOW Xe 4acToTobl. Takon ycunu-
renb pa3paboTan M u3rotosned 8 nabopatopMn UINYECKUX CBOWCTB rOPHBIX
nopoa WUC AH KasCCP. YactoTHaR XxapakTepucTHka CelCMUYECKOro NONHOTO
kaHana npuBeaeHa Ha puc. 7.12, e,

YyacTKK WCCREADRaAHWUN pacnonaranuce cesepHee r. Anma-Atol BOaM3an Hace-
neHHbIX NYHKTOB HukonaeBxa M 3HepreTuveCcKuid, pacnonarawlinxca B npege-
nax NPEAFrOPHON aKKYMYNATUEHOW paBHMHbL). Ha 3HepreTMyecKoM yuacTke
pa3BUTL) CPEAHEYBTBEPTUUHBIE aN/OBUANLHO-NPONKBUANLHBIE OTNOXEHUA, NPEA-
CTaBNEHHbIE NECCOBUAHLIMU TAXENbIMU WM CPEAHUMA CYTMUHKAMU MOLHOCTBIO
a0 10=20 m, rayBxe 3aneratoT necKn U NNOTHbIE CYNECH, TPABUAHG-FaNeuYHKH .
YpoBeKb [PYHTOBbIX BOA OTMeueH Ha rinybuve Ao 10 M B pazHO3ePHUCTHIX
necKax ¢ ranbkon. AMnanTyna konebaHmn ypoeHa — ac 1,3 M. Hukonaesckui
YY3CTOK CNOXeH BEPXHEYeTBEepPTUYHLIMU aNMIOBUANbHLIMWU OTACXKEHUAMM, Npes-
CTaBNEeHHbIMW cyranKaMn, CpeAHMY U NerKMU, BCTPEYaOTCA MEeCKK C rpasi-
eM 1 raneKoit. | pyHTOBbIE BOAb! 3aneraoT Ha rnybuHe go 5 m B cynecax, cyr-
NUHKax, rpaBUiHO-ranevHuKax. AmMnnutyaa konebaHnAa ux ypoeHA go 1,6 M.

B uenom reonorvuyeckan NO3vuWA paloHa oBycnoBneHa ero PacnonoXKeHvem
BKpPecT ocv WNUMUCKOW BMaguHel OT 30HbI 3aunuickoro xpe6ra Ha tore o
CKkanbHeIX BbIXOAOB Maneo3oR B yp. Kanvarad Ha cesepe. Takum obpaiom,
TeONOrMveCKUA paspe3 BKKYAET KaK NOpoAb! OCHOBaHMA, TaK W MOLUHYIO
TOMWY HEKOHCONMANPOBAHHBI X OTIOMXEH M .

Komnnexkc oOCHOBaHMA B BEPXHEM YaCTW MPEACTABNEH HUKHETEPMCKUMIN
KuCneimut  ahpyanBamMu, BbIXOAALWIMMN HA AHEBHYIO NOBEPXHOCTL HA MNaTo
Kanuarai. MosepxHOCTs Naneo3oiicKoro hyHAaMeHTa NOCTEeNEHHO MOTPYKAeTCA
Ha 1Or NOA PLIXNbIE OTAOXKEHWA, MOLWHOCTL KOTOoPLIX Konebnertea ot 0 a0 2100 m.

Ha naneosoMCKoM OCHOBaHMW zaneraeT KOMMAEKC (aneoreHoBbiX, Heore-
HOBbIX W 4eTBEPTUMHLIX OTNOXeHWiA. HWXHAS YacTb pazpe3a — Maneored w
MUOUEH — BCKPbITa Ha Bonbiwnx rnybBuHax (800 M u Bonee), AnA uened CMP
HE NpepcTasnAeT MHTEPECa U He PacCMATPUBARTCA,

Masnopapckan cevra {cpenHe-BepXHUA MNOLEH — HUKHE-CPEAHWIA NNMOUEH)
BCKDbITA ckBaXkuHamm W 3aneraert Ha rnybude ot 6-~8 ao 10—17 m. MpeacTasne-
H3 KPacHO-6ypuiMK, rosyBoRATO-CEPLIMA TUNCOHOCHBIMU FAMHAMU C BKJIKOUEHN-
€M necka, ranbku, rpasua. B 10>KHOM YacTK pailoHa Nasnopapckas cBUTa Pacno-
faraerca Ha 6onbwnx rNybuHax v MOACTUNEETCA OCafKaMy HW30B MUOUEHA.

Boiwe no paspesy pacnonaraetea Wnuiickaa csuTa (cpeaHe-BePXHUIA NANO-
uen) . OHa pacuneHAeTCA Ha ARE NOACBUTHLI. HUKHARA npefcragneda nepecnanga-
HMEM TEMHOOK PaLEHHLIX FNNH C NECKaMWN W NECHaHWKaMU, BEPXHAA — CBETNO-
OKPatueHHbiMi rnHamu. OCaRKM VINMIACKON CBUTB! BOKPbITHI CKBaXKMHaMK,

UeTBepTHuHLIE OTNONEHUA Pa3BUTbl MNOBCEMECTHO W rpPeACTaBEHb! anNBU-
ANLHBIMK, NPOMIOBUANLHLIMU 1 hIIOBUOT NALMANBHBIMU OTROXeHWAMKM. Cpeau
HUX BIAEGRAIOT HUKHE-, cpegHe-, BepXHe4YeTBEPTUUHbIE U COBpemeHHble 06pado-
Ba’j”ﬂ. HukHeuyeTBEPTUYHBIE OTAOXKEHUAR YCTAHOBNEHb! B 10r0-3aNafAHON 4acTy
Panona. Ouw MPEACTaBNEHbl CYrJIMHKAMW, CYNECAMM U I PaBURHO-Tanev4HUKamMm.
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Puc, 7.12. Ceicmorpamma s3psisa {8 xr BB}
a—02;,6-16;, 8 ~32;, 2-—05; 0 —3antuch FOPUIAHTARLHLIMU CEACMOMPUEMHIK MU
83peiBa 5 kr BB; & — 4acToTHan xapaKTepucTUKa CENCMUYECKO G Kanana

]

HukHeueTREPTHUYHBIE OTAOKEHUA cnararoT OCTAHUOBYI0 BO3BLILIEHHOCTL, ABMAO-
LWYIOCA PEIMKTOM [PEeBHEYeTREPTUMHOR NPEeLrOPHOW pagHviHb. OBian moid-
HOCTb OTnOXeHniA 50—450 M. CpeaneveTBEPTUUHBIE OTNOKEHNA PACTPOCTPaHEHDI
BECLMA WWPOKO W MPEACTEBNeHb: anHOBWaNbHO-NMPONOBHANbHLIMK 06pa3oBa-
HuAMIA. Tonilua cnodeHna CYriMHKaMu, CYNeCAMM, C NPOCNIOAMMU ranevyHuKa W
rpaeun. Horpa CpeaHeveTBEPTUYHLIE OTNIOXKEHUA NPeACTaBNEHbI NECCOBUAHbIMM
cyrnukKamu. BepxHAR 4acTs paspe3a NOABEPXEHA MPOUECCaM KOHTUHEHRTANbHO-
ro 3aconexna. OBwiasm MOWHOCTE CPeRHEYETBERPTUMHOrO Pa3pe3a AocTuraeT
200--250 m. BepxHeveTBEPTUUHbLIE OTNOMEHWA CRaraloT BepXHUE peuHbie Tep-
pacbl U KOHYChi BbiHOCA peK. B paltone cnnAHMA pex Kackenew u Anma-ATUHKA
M No 0XHOMY Bepery KamuaraitCkoro sof0Xpanunuviig OTROKEHUA 3TOTO BO3-
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pacTa noKpsIBalT Bonswme nnowaan. OHW NPeaCTaBNeHbl CyrNUHKaMM, CyMneca-
MU, TECKOM C TDaBUEM M ManbKOW, PeXe BCTPeYatdTCA ManoMOLLHbIE POCNON
rNWHLI, 3TU OTROXEHWUR anNIOBAANLHOrQ NPOUCXOXAEHUA. NxX 0BLAaA MOLIHOCTL
coctanaer 50-70 m.

OTno¥eHWA KOHYCOB BbIHOCa MPEACTaBAEHbI FANEUHUKAMU 1 BanyHH:-rane-
YHUKAMW, NepeKpeiTbiMU CAOEM CYTAIMHKOR MoWHOCTLi0 0,5-5,0 m. Obwan
MOWHOCTb BaNyHHO-raneyHUKOBbLIX OTNOMKEHUIt AOCTUTAET HECKONbKUX COT
MeTPo8.

CoepeMeHHblEe aNNHOBWANbHLIE W anNiOBUANbHO-NPONOBUANbHbIE OTADKEHUA
cnaratdT noMMbl PEK WM KOHYCOB BbiHOca. B nowmMax npeoBnaaawot neckun n
raneyHWKM, a B BepPXHEM 4aCTW pa3pesa — CyrnmHKkKu u cynecu. OTnoxxenna
BPEMEHHbLIX MOTOKOB MPEACTaBNEeHbI CYrMUHKAMU W CYNecAMN ¢ PeaKuMun
nPOCNoAMW necka u rpasuA. COBPEMEHHbIE KOHYCbl BhIHOCA CNOXXEHbI raneu-
HUKaMU, BanyHamMu W rpaBUMEM € PRAKMMU NPOCNOAMU CyrfinHKa U cynecu
Cpean rpy6ooBnomouHLIX oTnoxeHuwn . OBLLaR MOLWHOCTL COBPEMERHbIX QTNO-
weuun 3—7 m.

Kak BMAHO ¥3 npuBeseHHOW KPAaTKOM XapakTepuCTUKu, PaNoH OTNV4YaeTCR
MHOTroo6pa3neM rpyHTOBLIX YCNOBUW, KOTOPLIE B AanbHElLIeM npeanonaraet-
CA OXBaTUTh 3IKCNEPUMEHTANbLHBIMA WIMEPEHUAMMK, aHaNOrNYHbLIMK NPOBEAEH-
HBIM Ha ABYX yYacTKax (HUKONaeBCKOM v JHepreTM4eCcKom} . 3T 3IKCNEPUMEH-
TaneHbie paboTekl HanpaBneHbt Ha M3YYeHWE (BUIVKO-XUMUUYECKNX CBOACTB TPYH-
TOB B ectecTBeHHOM 3aneraHwm, Heobxoaumeie ANA Pa3paboTKU METOAUKW
CMP, yusrteiBaowein noseaenue rPyYHTa ApU CEMCMUYECKUX BO3LEACTBUAX.

Wsmeperus cropocTed yapyrx S0fH BoiMOMHANUCE Ha ABYX NAOWIAAKAX
Hukonaesckoro yuacTka (Ha BO3BbILLEHHOCTU U B HU3WHE) 1M HA OAHOMN NNOWAA-
Keé noc. 3Hepretuueckwd NOCPEACTBOM [QM3OHTANBHON NPOCTPENKW CPEeAbl
MeXay nABYMA HernyBoKUMW CKBaXMHAMU, DACcCTOAHWE MEXAY KOTOPbIMM
cocraenAno 2—4 m. Bo3byxaenue KoneGaHui NPOV3BOANNOCH B3PLIBOM OAHOT O-
ABYX neToHaTOPOB. B coceaHer CKBAaXWHE Ha TOM ¥e rNYGBuHE, YTO U UCTOMHUK
KoneBaHuii, ycraHasnMBanuce ABa FOPM30OHTaNbHbIX cecmonpuemunka. Oank
U3 HUX, x, Gbin HanpaBneH Ha TOMKY B3PbIBa, BTOPORA, ¥, YCTaHABNWBAACA nep-
MeHANKyNApHO nepeomy .

AHaNU3 nonyueMHbIX 3aNUCE NO3BONUN COENaTh BLIBOA, 4TO CKOPOCTH
NPOAONLHLIX 8OMH V), pacTyT ¢ rnyBuHon: ot 200 m/c na i nybuHe 1 m ao 350~
400 m/c Ha rny6une 3 m. HanbBonee peskoe nimeHenue V, npouwcxoavt 86nu3n
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YPOBHA TPyHTOBLIX B0A. CKOPOCTU MOMEpeyHbiXx BONH B WHTEpBane ry6un!
1-3 m usmennoTcAa oT 100 ao 150 m/c (Hukonaesckuit y4acToK, HW3WHA)
n ot 150 a0 200 M/c (HukonaeBcKWiA y¥acToK, BO3BLIWEHHOCTS, U SHeprem.
YECKWA) . i

Ha 3tux e y4acTKax 6biN0 NPOBEefeHO M3yueHWME HenWHEWHbIX CBOIZCTB‘;
rpyHToB. B ckBawuHax wa rnybuHax 3—5 M (yuacToxk HukonaeBckuin) Ha’
rayBunax 11—13 m {yvactoxk JHepreTtmyeckuin) nNpoBOAUNVCE B3PbIBbI aMMO--
HUTOM C Becom 3apaga o1 0,2 po 0,5 kr., :

Ha puc. 7.12, @ — 2 npuBeaeHbl XapakTepHble CeMCMOrpPamMmbl B3PLIBOR. .
3anuce B3pbiBa ¢ Maccon 3apAga 0,2 «r wmeet Bug GbicTpozaTyXxawtuerg
umMnyneca AnAa nepsoro npubBopa. C yaanenuem npnbOpPoB 0T yCThA CKBaXMHbI
ASMTENbHOCTE KONEBaHNA YBENWUMBAETCA 33 CYET NOAX0A3 K HUM HE TONbKO.
IPOAONLHOR, HO ¥ APYTVX TUNOB BOMH.

[Mpyu yBenuyeHnn MOWHOCTY B3pkIBa 33NUCh HackilaeTca Bonee HU3KOYaCToOT-
HbIMK COCTaBRAWUMU. A NpY B3pbIBax C maccon 3apAaaa Bonsule 0,8 kr nore-
NABTCA OTKON — BUAKUMOE NPOABNEHNE HENVHEIAHOTO NOBEASHIWA TPYHTA,

PaccmoTpum BMECTE CEACMOrpaMMbl OTHOCUTENBLHO 6ONbLIKX B3PLIBOB —
16; 3,2 w50 «r BB {puc. 7.12, 6 — 2} . Buano, 410 nepsble Tpn npubopa,
pacnonoXedrbie Ha paccToAuuAx 0,2; 1,8 1 4,5 m OT yCThR CKBaXXUHbBI, 3aperu-
CTPUPOBANM He OAUH NMMNYNbC, a ABa. MHTepsan Mexxay UMNyscamn Bo3pacraer
C YBEAINYEHMEM KONMYECTBA B3PLIBYATLIX BEUIECTs, C yganenwem »e QT yCThA
CKBAXWHbI 3TOT NHTEPBAS YMEHbLIAEETCR.

PaHee 0TMe4anoch, YTO BTOPOWA UMMYSLC CBA3aH C NajleHMEM OTKONOBWEICA
yacTu rpyHTa, T.e. npA B3pbiBax ¢ maccon 1,6 kr BB nepeoit npubop, a npu
gapeleax ¢ maccon 3,2 v 5,0 «r BB — sTopott u Tpetuit npnbopbl sapmrcupoBa-
N1 OTKON rPyHTAa.

Onbir  perncTpaumm KonebaHuit FOPU3OHTANLHEIMU  CEMCMON PUEMHUKAMM
NOKa3an, 4To HENOCPEACTBEHHO Yy yCTbA CKBAXMHLI Nepsbid Npubop He pe-
TUCTPUPYET OTKON, 4TO MOXHO OBBACHUTE OTCYTCTBUEM FOPUIOHTANLHON KOM-
MOHEHTbI CMeWweHUA. 3aNuUc BTOPOra W TPeTLEro KaHana Npy B3pbIBax, HaunHanA
¢ maccei 0,8 kr BB, peructpupyloT ABa “MNyNeCa pasHOW NOAAPHOCTW
{puc. 7.12, 8} . BpemeHHOM uHTepBan NpPY OAMHAKOBLIX B3PLIBAX HA OAHOM U
TOM e YAaneHuu AnA BepTUKanbHbiX W ropU30HTanbHbLIX NpMbopoBs COBRaAaeT.
371 haKTbt TAK KE FTOBOPAT B NONbL3Y NOABNEHUR OTKONA HA rNybuHe.

NonyYenHbie 3KCREPUMeHTaNbHLIE AavHbIE MO3IBONAIOT OMpedenuUTh BpemA
ABUOKEHUA OTKONOBWIEHCA 43CTU FPyHTa (MHTepsan BpemeHn At) B 3aBUCH-
MOCT# OT BE/IMYMHbI 3aPRAA U PACCTOAHMA A0 MECTA PErUCTpaunn.

PaccmoTpum rpathvku 3aBUCMMOCTV uHTepeana A! OT npvueefaeHHoro pac-
CTOAHMA B BunorapudmMuueckom mMacwrabe (puc. 7.13) . 3anvwem ee B Cneaywo-
tiemM Buje:

g At =K Ig(@'/r) .
3aecs K xapakTepu3yeT CBOMCTBA TPYHT3 M He 3aBUCUT OT Konwdvectsa BB v
PacCTOAHUA A0 MeCcTa perucTpauvv. Bennumna K paBHa TaHreHcy yrna HakaoHa
NOMNyYeHHOW NpPAaMoK K ocy abcuucc UM, BEpPoATHO, npeacTaBnder coboi KOAW-
4eCTBEHHYIO XapaK TepUCTUKY CBOWCTE cpeasbl. [TpeacTasnAeTcA Hanbonee npyemM-
fleMsIM TONKOBaHMe hn3nmyeckoro cmeicna 1/K, kak AvMHamuueckoro Koaddm-
UMEeHTa cuenneHmun {CBA3HOCTY MNK PbIXNOCTH) |

Ecnu K 7 tga - 0, TO rpyHTLI UMEIOT NPOUHBIE CBA3W, KAK, HanpvMep, CKans:
Hble nNopoabi. OTKONLHLIE ABMEHUA B 3TOM Criydae MOryT MPOUIONTU TONLKO
npM overb Bonsiuux AasneHuax. Mpu K - tga * ° rpyHT npeacraegnAet cobom
CbINyuyto cpegy .

PesynbTa "' 3amepoB At — BpemeHW MexAy ABYMA MMIyNsCamu, NonyyeH-
Hble B ABY: MyHKTAaX y4yacTka HUKONaeBCKWA, nNernM Ha oaHy nNPAMYK
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puc
oiir .
y4acioK HuKORaeBC KWi;

! »_2 _ Suepretudeckui ;

{puc. 7 13, npamana 7), xotA 2

CKOPOCTY  PACTMPOCTPaHeHuA A
npyrux BOMH M YDOBEHb

rpYHTOBbIX BOA HA 3TUX Y4a-
cTKax pasnniHbl. :

B 10 KE BPEMA BENMMYMMHa [
K ymeeT Gonbulee 3Hauerune
Ha yuacTe OHEpreTUuecKui
{puc. 7.13, npAman 2), xoTA
ckopoctn Vpm Vi — 3aech
paBHS!I JHANATUYHBIM BENU -
HaM, HabMIOAGEMbIM Ha "'cy- /
xom' yuacTKe Huwkonaesc- Iy
KA.

Takum 06Pa30OM, Halww UC- ’//
CAeAOBAHMA Ha 3TUX yuacT- f!/
Kax floKasanu, u¥Te npu pac- //
yete npupawleHun HanneHo- 41
CTH M0 aKYCTUHECKWUM >KecT- s
KOCTAM MONYYatoTCA OAUMa- 47 24 " /W _;
KOBblE BEMM4YMHbI {MAOTHO- 4%/, x2%m
CTW TPYHTA HA 3TUX y4acTkax paeHbi} ANA “cyxoro’’ yvacTka B paitode c. Hu-
KORaeBCKa v y4acTka JHepretuyeckuin. Bennumna xe 1/K ana 3aTux yvacTkos
paznunuHa.

Mpv obpaforke ceMcMOrpamMm BLIABUNWUCL HEKOTOPbIE KUHEMAaTUYecKue
0coBeHHOCT PacnpPOCTPaHeHMA BOMIH, CBA33HHLIE C HEAMHEMHBIMU CBOWCTBAMN
rpyHtoB. Ha puc 7.14 npusegets! rogorpadb: nepsbix 8CTYNEHWI ¥ NOCNeAYHO-
wux haz AnA HECKONbkMX B3pbIBOB. [AnA B3phiBa ¢ maccon 0,2 kr BB roaorpa-
bl pasHbix thaz npAMonuHeitHsl. Npu yeenuwuenu 3apasa BB, HaumHaA ¢ Macce!
0.8 xr, na roporpathe, nonyueHHOM ANA TpeTbeid dhasbi, Bo3Ne NPUBOPOR, T.€.
Ha PaCcCTORHUAX, BNU3KKMX K YCThio CKBAXWHbI, NPOUCXOANT €r0 UCKPUBREHUE,
obpasyerca HeBonbluan Bnaauna. C AanbHenlWM yBenvYeHuWem macce! BB
Pa3mepbl BnaguHbl yeenuumpaotcAa. MuHumyM 370K BNaAwHbl pacnonaraeyca
Ha pacctoAanuax oT 2 po 10—12 m B 3aBuUcuMocTM oT Konwuectaa BB. flpn
MacCe 33apraa 5 Kr nNpOVCXOAUT M3MeHeHue roaorpadia nepebiX BCTYNNEHWI;
CUTHaN KO BTOPOMY U TPETbeMy NPUBOPaM NPUXOANT PaHbLLLE, YeM K NEPBOMY.

MonyvedHbiin PE3YNBTAT MOXKHO WHTEPNPETAPOBATbL KAK W3MEHEeHHEe DU3n-
HECKNX CBOWCTB NOPOALI hop AEHACTBMEM WHTEHCUBHLIX KonebaMuil, Bbi3BaH-
HbIX B3pbIBaMU, BEPXHAA YaCTb FPYHTA y AHEBHOK NOBEPXHOCTU Pa3psIXNAETCA,
B 310m cnyuae CKOPOCTb PacnpOCTPAHEHUA YIPYrMX BONH yMeHblaeTcR. YeT-
BEPTLIM 1 Nnocneayowme CEHCMONPUEMHUKIA HAXOAATCA Ha TaKUX PacCTOAHUAX,
(A€ WHTeHCHMBHOCTL KONeBaHMit MeHbBWE, T.8. DOHW PAcnonaralTch B 30HE ynpy-
WX KoneGanuit u rogorpad He UCKAXKAETCA.

BosmokHoets orxona wa HEKOTOPOW raybuHe OT AHEBHOW NOBEPXHOCTU
¥ CBA3AHHOE C HUM Pa3pPbixSeHWe FPYHTa MOXKHO OPUEHTMPOBOUHO PaccynTaTh,
“CXOAA N3 yNpyroi mMoAenu cnoWHON Cpefbl. VI3BECTHO, YTO B €CTECTBEHHBIX
YCROBUAX BHYTpEHHME TOuKY Ccpefbl HaxOAATCA MNOA AeACTBUEM ARaABNEHMA
z:;”:e"e*amero cnoA. Ecnv nnoTHOCTs cpelbl G, TO Ha rnyBuxe A AaBneHue

0 pgH. Ha HeKOTOPLIX PacCTOAHMAX OT AHEBHON MOBEPXHOCTU HanpAMXe-
3. 3ak. 1567 193
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K7 NOCNeAYIOWMX BCTYNNEHUA NPU B3PbI-
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HWAR, BbI3BAHHLIE BOMIHON, PA3PEXEHNA MOTYT NPEeR30/TH AZBNEHWE BbILUENEHE-:
UM X CNOEB.

Mycts B cpeae ¢ NNOTHOCTLIO 2 PaCNPOCTPAHAGTCA FAPMOHWYECKAA BOMHA
€ 4acToTo#t f, aMnIMTYAON Ay U CKOPOCTEIO YNPYrux BOMH V,. Toraa maxcu-:
MafbHOE NONOMUTENLHOE HaNprXkeHne ByaeT paBHO

o=2nfAyp Vp.
Ecnu Ha rnyOuHe H BHYTpeHHEe AaBNEeHWE CTAHOBWUTCA PABHLIM HamNPRIKEHUO

B NPOAONBHOK BONHE (CO3RAKTCA YCNOBMA ANA OTKOMA), TO MOXHO COCTaBUTD
COOTHOLWEHNE

pgH =2nf Agp V,,
aTKYAd

H 3271' on Vp/g,
rae g — yckopenue ceoboanore nageHua.
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Puc. 7.15. AMnanTyause rpadgmKu
a — 10 petowatopos; 6 — 0,25 kr BB; e — 0,5 «r BB; 2 — 1,6 BB; 9 — 3,5 xr BB

Npn Ag =05 mm, F =20 Mun V, =300 m/c «oneBaHnA ¢ TakMMA aMRANTY-
AaMK 1 yacToTOlM cooTBETCTBYIOT CeMUBannbHOMY 3emneTpaceHwo. [nybuHa
atkona H Bypet pagHa 1,8 M. JTa @enuuMKa npeacTagnAeTCA BAONHE PEaNbLHON.

CneayeT 0TMeTUTL TarK ke BNMAHWE NONEPEYHON BONHLI HAa NPOLECE Pa3pyLue-
HUA rpyHT2, Mog B034eACTBMEM NPOAONBLHON BONHBLE Pa3peXXeHUA NPOUCXOaNT
OCnabnerue rpyHTOB COMPOTURNEHWIO Ha CABWF, 3@ BCAEA 3a 3TUM Nafallan
nonepeyHan BONHA MOXET RbI3BATb Pa3pylueHue FPyHTa, ero “"pasxmkeHue”’.
B pesysbTate Tepaercr Hecywwana cnocobHocTs cpeasl. [pnbnukeHHbId pacuerT,
NposeneHHbI MO pe3ynbTatam 3KCNEPUMEHTa nNpu KamydneTHbIX B3pbIBaXx,
NOKa3an, uTo MakcuManvHaa rAy6yrHa 0TKONa COOTBETCTBYET rPaHULe NPUXOAa
NONEPeYHON BOMHLI OT UCTOMHUKE U OTPAKEHHOM BONHL! PA3PEEHUA.

Nobonn ceircmmyeckmii NpoLEcc NpPeactaBnAeT coBolk He OAHO TapPMOHWYEC-
Koe kone6anue, a uenvtit cnekTp BosH, MO3TOMy BEPORTHLI OTKO/bE B FpyHTE
Y HA MeHBWUX ryBUHaX, 4TO Bbi3bIBAET pa3pbIXNeHUe BEPXHEA 4acTu rpyHTa.

PaCCMOTDMM HEKOTOpble AMHAMUYECKME OCOBEHHOCTU pacnpoCTpaHeHyA
BOAH. Ha puc. 7.15 npeacTagneHbl aMMNUTYAHbIE TPadUKK ANA Pa3nU4HLIX
“‘1"'909. NPOBEAGHHLIX B CKBAaXWHE Ha ray6ure 6 M Ha yyacTke Odepretnuec-
KWW, npeactagneHHbie ABYMA KpMBbIMU: A, — MOCTPoeHa NO amnauTyAam
nepBoro 3KCTPEMYMa, 3aMepeHHbIM OT CPeAHeid NTMHWM 3anucu A0 Makcumy Ma;
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Puc.7.15 (okoHvaHue)

A, — nocTpoeHa rno aMrAWTYlaM NoMHOTO pa3maxa KonebaHvin. Mzmepewng
AMNAMTYA NPOU3BOAUANOCL NO OBWENPUHATON MeToamnKe. Taxk Kax abconoTHoe
yBenuueHue CeMCMUYECKUX KaHaNOB He ONPeAeneHo, Ha KPUBLIX NPeACTaBneHsb!
He abConTHbIE 3HAYEHUA BEPTUKANbLHbIX CMELLEeHUN, a8 aMANUTYALl Konebarui,
npuBeLeHHbIE K OAMHAKGBOMY YROBHIO, JTU 33aBUCMMOCTH, KEK W3BeCTHO,
XapaK TEPU3YIOT 3aTyxanue Konebaxwid € paccroAHueMm. XapakTep HaxkNnoHa
AMA BCEX KPUBLIX B AWANA30HE TUNOUEHTPanbHbIX PaccToAHMHA 11-18 m nsme-
HRETCA cneayroiummM obpazoM: Ha paccTorHMAX 6—15 M BONHBI 3aTyXxaloT CHfb-
Hee ({cpeaHAA 30Ha B3pLIBA), Yem Ha paccToaqHnAx 15 m u Bonee (aanbHAA
30H2 B3pPbLIBA) .

Npy B3pk!Bax, HautHaA ¢ Maccei 0,5 kr BB, amnnutyab) cMeuienun, onpeae-
fneHHbie NO 3anUcAM BnuxkHero npubopa, PasHbl AW MEHLLUE aMNNMTYa CMeue-
AW, NONY4YeHHbIX BTOPbIM NPUBOPOM, PACNONOMEHHLIM Ha Bonbwem PacCTOR-
HWAU OT UCTOYHMKA. TaK Kax MeHbliee 3HAYEHWE CMeLLEHWI 3aperucTpupoBalo
TONLKO Ha OAHOM nepeom Npubope, TO MOXHO MPEANONoXUTb, YTo npu Bone:
wnx e3pbisax (0,5 «r BB n Gonee) nepsbitt npubop nonapaeT B 6rvkHIO0
30HY B3pbLIBA, rae POABNARIOTCA HENMMHENHbIe CBOWCTBA rPyHTa M 3aTyXaHWue
KonebaHuMiA CytuecTBEHHO 6ONbLUE, YeM H3 APYTMX PaCcCTOAHUAX UAM cKa3blBaeT-
CA BNMAHWE B3PbIBHOM CKBaXUHbLI. BO3MOXKHO Tak)Ke, 4TO yMeHblueHue amnnan-
TYA CMELUEHUI CBA3AHO C M3MeHeHreM (M3NKOo-MeXaHU4eCKrx ceoicTs FPYH"

196



1a — Pa3pbIXMEHWEM BEPXHEro CnoA. HanoMHUM, YTO ANA KMHEMaTUHecKux
napaMeTpoB Ha 3TMX Ke PacCTOAHMAX HabnioaanoCh 3aMeaneHue BpPeMern
apoBera BONHbI, KOTOPYIO Mbi CBA3LIBANN C Pa3PLIXNEHNEM TPYHTa.

BbiLUe OTMevasroct B KavecTBe OAHOTO W3 NPOABNEHUA HEenUHENHbIX CBOWCTR
FpyHTd, 4TO NPUA MHTEHCUBHBIX BO3AGMCTBUAX NPOVICXOANT OTKON ero BepxHed
yacTy. TTOMUMO ONUCEHHOrO BbILLE OTKONLHOIO COCTORHWA, CYLLECTBYIOT MeHee
gblpaXeHHble 0cobeHHOCTH Konebanvia rpyHTa,

OueHWUTs BIMAHNE HENVHERHbIX CBOUCTB MOXHO NO CReKTPankHoit NoNpasKe
unu 1o NPUBANKeHHOI dhopmyne

N=A(5, 1A, 2) /A6, 2)Au, 1},

rae Ay, 1} — MaxcumanbHaA amnnuTyda Manoro B3pbiBa B 1-4 Touke;
A iy, 2) — Bo 2-# vouke; A{S, 1) — maxcumanbHan amnauTyaa xonebaxwii
GoMbLIOro B3pbIBa B nepeoi Touke; A (5, 2) — o 8Topon Touke. [lnA cKanbHo-
ro ANOTHOTQ fPYHTa BenuwHa N 6yae1 pasHa NPMMEPHO eavHWUE, TaK Kak
OTHOLWIEHWE aMNANTY A NPAMbIX BONH CPABHUTENLHO MaN0: 3aBUCUT OT BEMMYUHD!
3apafa. B MAFKMX FpyHTax fpu GonblwoW pasHuue BO B3pbiBax BenuswHa N
6yneT CYILECTBEHHO OTAIUYHA OT eANHUUbI.

W3 celicMOr paMM M aMAAaNTYAHLIX 3aBucumMocTtein {puc, 7.12 u 7.15) BugHo,
yro Benvuuna N, onpepenexHHas Mo NMepsoit WnuM BTOPoH aMnaUTyse, mmeer
6ONMbLWIYI0 BAPMAUWIO 3HauYEHUM RNA NEPBLIX 4eThipex npubopos. J3TO CBA3aHO
C TeM, 4TO C PacCTOAHWEM MPOMCXOAUT NepepacnpeaeneHue 3Hepruv B BOnNHe
no pa3HbiM chazam.

Ilpy pacuete BenuunHbl nonpagku N No MaKCUManbHbIM aMnauTyaam B
nepsoM cnyvae pa3bpoc 3HaueHWUll yMeMblwaeTcA. PRA 3HaveHuit nonpasxkuy N,
ONpeAenenHoMn ANA TPex nap B3PsIBOB, MPUBEAEH HIAKE:

250-1500r 500--1500 r 250-500r

0,54 0,58 0,93
0.83 0,90 0,92
0.88 0,84 0,94
0,95 0,95 1

1,1 11 1

Buako, yto 3HaveHnAa nonpaBku meHAwTcA ot 0,54 ao 1,1 npu e3psise aapR-
AoB maccon 0,25 n 1,5 kr, 3aperucTpupoBatHbi X nNpyubopaMu, PacnNonNoXeHHbIMU
no apouno ot 2 40 64 M OT YCTLA CKBAXKUHbI.

Benuunna N 3aBACUT OT rny6&uHbl nposenenwa B3pPbIBAa M OY COOTHOLUEHWA
BENWMUMHBI 3aPAA0E.

Ecnu crabunuanposats ycnosva npoBegeHWA B3phiBOB HA Pa3nuuHbiX YyacT-
Kax, TO nonpaBKa Ha HenuHeNHoCTs NV NO3BONUT U3yuaTL NOBeAEHME MPYHTa Npy
Bonbwux ceiicmmuecknx aedopmaymnax.

Otrmetum, uto obuienpuHATbIE CNOCOBE! U3yYeHWA CeiCMMYECKUX CBOWCTE
UPYHTOB, ucnons3ywwme BOHLI Manoh aMmnnuTyAbl, He NO3BOAAKT SbIABATL
HENUHeNHble CROICTRA rpyHTa.

7.4. IKCMEPUMEHTANBHBIE UCCNEQOBAHUA- HEDMHEﬁHle ABNEHUA
B PbLIXNbIX TPYHTAX NPU B3PLIBAX

B NPeasiaywemM pasaene Mbl PACCMOTPENK NOBEAGHWE NOBEPXHOCTHOTO CNOA
FOYHTAa 8 30He Heynpyrux AedhopMalmii npu B3pbiBax maccoi go 5 xr BB.
t«ne?:ienA:HMe Xe FPYHTOB npu 6onbWwnNX QUHAMAYECKUX HAarPy3Kax KaK c Teopetu-

Tak ¥ C 2IKcepumMenrTanbHbIX MO3ULUIA U3YYEHO NOKa HegocTaTouHO,
XOTA HeKOTOpLIE 33BUCUMOCTH K HaCTORLWEMY BPDEMEHW NORYYeHbI.
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Tax, A.A. AnexceeabiM ¥ ap. {5] NokasaHo, YTO B 3aBUCMMOCTW OT BOAO-
HaCLILLEHUA OAUH W TOT XKe TPYHT MOXKHO MOAENWPOBaTL BA3KON MNU MAGANLHOM
MUAKOCTBIO, MUK KAaK NNACTUYECKOE Teno, NOBEeAeHWME KOTOPOrD OMUCLIBAeTCA
B paMKax Teopuu nnactuuHocTn XeHke—Mu3zeca. SKCNepuMeHTanbHble AaHHble
NOKa3bIBaKIT, YTO ANA KAXKAKOFO TUMNa rpyHTa . B 33BUCHUMOCTHU OT ero MTONOT K,
06BOAHEHHOCTU, (hU3UYBCKOrO COCTOAHMMA {TanbiM, Mepanblil) vMeeTcA CBOM

''mpeden” ynpyroctk, a CAeAoBaTeNbHO, M MpeAeNbHble 3HAYEHWUA Harpyiok,
nocAe MpeBbILUEHUA KOTOPbIX MOrYT MOABUTLCA OCTATOYHbIE AepOpMauMK B
Buae 0CaAOK, TPeWwmnH U T.4. N3BECTHO, YTO Mepanslid rpaBuiAHO-TaneYHUKOBBLIN
TPYHT ANA 3eMNETPACEHUA C NHTEHCUBHOCTLIO A0 8 GannoB MOXHO NPUPaBHATL
K CKanbkHOMY (Mo amnavTyaam cedcMUv¥eCKuX Konebanui 1 No CKOPOCTAM
pacrnpocTpaseHns ceicmudeckux sonH) [131] . Bmecte ¢ Tem, HauvHanA ¢ 3eMre-
TPARCERWMA WMHTEHCUBHOCTHI0 B BaNnoe v Bbille, BO3HMKAOLWME B Mep3NbiX rpa-
BUMHO-TANEYHUKOBLIX TPYHTAX, H3NPAKEHWA NPeBOCXOAAT NpedeNl MPOYHOCTH
3TUX FPYHTOB Ma OAHQOCHOE coxaTue. [inA cKanbHOTO rpyHTa npeaen NPoYHOCTH
Ha OAHOOCHOE CaTue Bbilwe. CNegoBatenbHO, HAYAHAA C 3eMMIETRACEHWIA WH-
TEHCVMBHOCTLIO B ©6annoB, peakuya Ha CeMCMUYECKOE BO3ABACTBUE 3TUX TPYHTOR
(Mep3noro rpaBURHO-raneYRnKoBOro 1 CKanbHOro) pasnuyHa. AT pesynera-
Tbl NONYYEHB! N0 MATEPUanNaMm U3yueHUs CENCMUUYECKUX CBOWCTB FPYHTOS ANA
Henen CeNCMUYECKOro MUKPOPaNOHUPOBAHWA € NOMOULLIO B3PLIBOB. [1pAMbBIX
WM3MEPEHNIA HanpAxeHun v aedopmaunii FPYHTOB MPU CUIbHbIX 3eMNeTPACEHUAX
K HacTOAlMEMY BpemMeHW NPOoBeAeHO O4eHb Mano, ByKBansHO eavHuub!. Mbi
MOXEM Ha3saTb TONbKO ABe pPaboTel, B KOTOPLIX Gbln ONMUCaHbI NPAMbIE W3-
MepPeHWA HanpaKeHWH W AedOPMALMA MPU 3EMABTPRCEHUAX YMePeHHON Cunbl
[26, 28].

MoasroMy Becbma  aKTyanbHbIMU Ha AAHHOM 3Tane WCCNEAROBAMWA ANA
YCTAHOBNEHWNA Npeaena YNPYrocTw FPYHTOB ABAAKTCA HAaTYpPHbIE W3MepeHUA
napamerpoe KonefaHuid FPYHTAR PA CUMbHBIX QUHAMMUYECKUX BO3AEACTBUAX 8
6nvxHen 3oHe 83pbiBoB. OAHOM M3 OCHORHLIX 3a4ay 3TOrO HanpasfeHUA wuccne-
AOBAHWA CnefyeT CuMTaTb W3yyeHWE NAPaMeTPOB NPOABIEHWIA BO3AEWCTBUI Ha
rpyHTel (amnautya, nepvosos Konebawuin, aedopmaunii, HanpaXeHun u 1.4.),
XapaKTePHLIX ANA HEYNPYTOA M YNPYroW 30M, C LENbIO WX YBEPEHHOTD Bbl-
aenenna.

OpHrM M3 3iheKTUBHBIX UCTOYHMKOB BO30GYXKAEHUA AnNA ONpeaeneHuA
ceMCMMHECKOrO BO3AEUCTBUA NPYU CPaBHUTENLHO HeBonbwuux Becax BB v npocros
Teé MPOU3BOACTBA B3PbIBHLIX PABOT ABNAIOTCA B3pwiBki B Boae [132]. Ucnonkso-
BANUCbL MaTepuanbl, NONYYEHHbIE MPU MUKPOPANOHMPOBaHNU ropoaa [ ycuHo-
o3epcka Bypar. ACCP no uamepernio konebaHui OT B3pbIBOB, KOTOPble NPO-
BOAMNUCL B 33aTOMNEHHOM YronbHOM Kapeepe. C uenbio n3yyeHna GrvKHen 30Hb}
B3PbLIBOB 6biNa MCNONBL30BAHA cnefiylouan MeToamka HabnoaeHuin. Ha paccroA-
Huu 25, 50, 75 4 100 M OT TO4KY ONYCKaHWA 3apAAOS 8 BOAY YCTaHaBNUBaNUCH
ceiicmonpuemHnkun C-5-C ¢ cobeTBeHHbiM NMepuoaom 5 ¢ v 3aTyxanuem 0,5,
OPMEHTUPOBAHHLIE NEPIEHANKY NAPHO PACRPOCTPIHEHUIC CEMCMUUSCKOA BONHLE,

C noMowsd ransBaHOMETPoB € CobeTBeHHb!M nepuogoM 0,1 ¢ n BenuunHown
3a7yxaHnwA 5,0, yCTaHOBNEHHLIMW B MarHWTHO#® cucteme wnendosoro ocuunn-
norpadha, PerucTpUPOBaNMCb CMELLEHUA NOYBbl, YaCTOTHAR XapaxkTepucTUKa
CEMCMMYECKONO KOMNNEKTa NpuBeaeHa Ha pUc. 7.10, 6. OaHOBPEeMEHHO B TeX e
YHKTax HabNw aeHnA BbiNK yeTanoBneHs| ceicMomeTpel SanneHocTn C.B. MeaBe-
aesa {CBM} anA npAMbIX uM3MepeHun CerCMUYecKOro 3(ibekTa B3PLIBOB B
.Bannax ceMcMNYECKON LUKanNbI.

3apagbl onycKanu Ha AHO 3aTOMNEHHOTO Kapbepa Ha rnybuHy 3—4 m Ha
paccTosHUM 6—7 M oT Bepera, Macca 3apAaoB mameHanacs oT 42 go 420 «r BB.
Bcero 6eino 3apeructpuposaHo 22 e3pbiea. BapuiBh 1—5 perncTpuposanuck
NPKU PaccTaHoBKe CEACMONPUEMHWKOB Ha paccToAHux 25, 50, 75 M, a nocneay!o-
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P u c. 7.16. CxeMa BIGMMHOTO PACTONOXKEHUA 3NMUEHTPE B3PbIBA W NYHKTOB Habnwoaexvi (a)

1 — wWebHUCTO-BanyHHLIE TPYHTR; 2 — fpocnou yraa; 3 — fecyaHuk cpeaHed npoy-

HocTu; 4 — 3A0UUEHTD 83PbiBa; § — NyHKTel HaBNIOAGHUA, PACRONONMEHHBLIE DT IMUEHTPS

B3pLIBOB Ha paccToAHuu 25, 50, 75 u 100 M COOTBETCTBEHHO. AMMNMTYAHO-4ACTOTHAA
XxapaK TepUCTUKa Cel CMudeckoro Komnnexca C-5-C + FB-1v {6}

uMe B3PbIBbl, K3-3a TOrQ YTO MEpBbid CEACMONPUEMHNK 3amvBano BOAOH, pe-
rucTpUpoBanuce Ha pacctoAanuax 50, 756 1 100 m {puc. 7.16, a) .

B nyHKTax YCTaHOBKMW CEMCMOCTaHUMA CBepXy 3anerany webHUCTO-BanyHHble
rpyHThl MowHocTeio 10 M, ganee — yronb caxucTbil MowHocTso 3,0 M 1 3atem
necyaHMK MowHOCTE HBonee 100 m. WeBHucTuit rpyHT 3aecs npeocbnanaer B
NPONIOBUANLHO-ACSMIOBUANBHLIX ¥ AeNoBhanbHblx oTnoxeHnax. O6nomMku
MNOXO OKaTaHbl U OTCOPTUPOBALI. PasMeps! UX B NONEPEYHMKE JOCTUraloT
20 em u Bonee, CoseprkaHue oBnoMoYHoro matepnana coctasnAer 50% oT Becero
obbema. 3anonHutenem B HAX CNYXKUT MECOK KPYMHbIA W CPeaHMiA, cyneck u
apecea. 1o rpaHynomeTpuueckomy COCTaBy weBHUCTsIA FPYHT XapaKTepu3ayer-
cA Kanuumem webra ot 52 ao 70%, apecees — ot 10 no-27%, necyaHbix 4acTuy, —
o1 11 a0 16,9%, NeineBaThix U rAMHUCTLIX vacTul — oT 2,1 oo 10%. Ero o6vem-
Heit Bec konebnetca ot 1,8 Ao 2,2 r/cm?, naxHoets — oT 1,5 ao 16%.

MNpn 06paboTke MONYYEHHBIX 3aNACES AHANW3IMPOBANMCL MAKCUManbHbIE
aMNIUTYABI ¥ COOTBETCTBYIOWME WM Nepuopkl (npeobnapaowme nepuoasl},
CNeKTpbi Gypbe, 3heKTUBHbIE KOIDPBUUWEHTLI 3aTyXaHMA, oOnNpeaerieNHble
ABYMA cnocobBamu: no chexkTpam $ypbe ¥ N0 MaKCUManbHbiM aMMNUTYLaMm.

Pavee B.B. YeyenoHuuknm [187] 6biAn B8EINONHEHL! OLEHKKU CTaBURLHOCTH
MaKCHManeHLIX amMNaNTYR CMELleHuit, ckopocTer v npeoBnaparomwmx nepvopos
xoneBanni no sanucam npubopos C-5-C + TB-1V, a TakKe aMRnuTya CMeLeHUi
CBM npu B3pbIBaX C OAMHAKOBLIMY BECAMK 3aPAAOE, HO NPOBeAEHHLIX B Pa3Hoe
BpemA. [ina atoro 8 pasnuuHbIx NyHKTax HabBNOAEHUA PacuMTbiBancA Ko3egdm-
UMeHT Bapwauvin Npy yposHe aosepuTensHon sepoatHocTy 0,85. Buino nonyue-
HO, 4T0: 1) anA mMaKCUManbHbIX aMNANTYA KOIMMULMEHT BAPUALIMM MEHAETCA
OT 10% wa pacctorrum 50 M OT 3nuuerTPa B3psIBa o 19% — Ha 100 m; 2) anA
NpeoGnaparowmx nepnosoe — ot 8% — Ha 50 M 4o 3% — #a 100 m; 3) aas mak-
CuMarneHeIx ckopoctet KoadhuLmeHT Bapuauvi pased 15% wa 50 u 100 m;
4) makcumansHbie aMnanTyabl cmewenuii CBM BapenpyloT ot 27% — Ha 25 M
40 60% ~ na 50 m.

CeitcMuveckuin athhexT B Bannax B NYHKTax Habnwoaerua !—4 onpeaenanca
ABYMA CNocOBAMU: N0 MAKCUMansHLIM CKOPOCTAM KOMEBaHUM, BbIYMCTIEHHBIM
N0 hopMyne Vi, = 2T A ayf, N NO MAKCHMASLHBIM CMEUIEHUAM CEACMO-
r;;]pa CBM (rabn. 7.1). MNpu 3ToM OKAa3anock, 4TO PasHULa B CEHCMUYECKOM
Onpee;;;e B nyHkTax nabnwgenvwAa 2—4 coctasnaeT ot 1 ao 3 Gannos. [pu

€HUKM / no wkane BannbHocT MSK-64 pasznuune B onpeaeneHin Mexay
ABYMS HassamhbIMu CRocobamu nonyvaetca B 2—3 6anna. flo 3anvcAm cew-
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Taénruua 7.1
CpasHenne cedcmiueckoro 3ghheTa 83pbIBOB B NYHKTAX Habmoaewnn 7—4
A0 MAKCUManbHbLIM CKOPDETAM KoneBanwa rpynra (/,),
nube no makcl bHLIM CMELLEH CEM
€ UCNONLIoBAHUEM CeMcMUYecKon wKanel MSK-64 {7}

Makcumane- | MaxkcumansHan -’ Bann

Macca 3apAaa |Paccrofume | HOB CMelte- CKOPOCTL KO-

BB, kr lm B3PbIRA, M |"Hwe CBM, neGaHuRA rpyH- l / ]
! MM Ta, cM/c ’ ! :
T

126 25 12,2 39,6 el 9
126 50 2,3 1.8 7 5
126 50 23 1.5 7 5
168 50 2.8 2,2 7 5
420 50 5,9 4,8 8 6
126 75 1,4 1,0 6 5
168 75 2,2 0,92 7 4
168 75 2.0 0,96 6 4
168 75 23 1,1 7 4
420 75 29 2,0 7 5
420 100 11 1,6 56 5

cmomeTpoB CBM 3HayeHuAa GanasHOCTM nonyyaoTeA Gonbwe. Takoe pacxoxae-
Hre B onpeaeneHUn cencmuyeckoro adiheKTa AByMA cnocobamn MoxHo 06bA-
CHUThL, C OAHOW CTOPOHBI, TEM, YTO MaKCUMyMbl criekTpos ®Pypoe {puc. 7.17) »n
npeobnagaiwime Nepuolsl KoneBaHuid COOTBETCTBYIOT 3HaveHuAm 0,6 ¢ 1 npu-
XOARTCA Ha Cnaj 4acTOTHOW xapaktepuctukun CBM. 3Tum, BO3MOXHO, M
obvAcHAeTcA GonbWon Pazdpoc B 3HAUYBHWAX aMANWTYA, ONPEAENEHHBIX NO
3anucAm cencmomeTtpos CbM B nyrkTax HabniwoaeHns 2—4. Cnegyer 3aMeTuTh, |
uTO B MyHKTe HabnwaeHua 7 Ha paccTodHum 25 M OT NyHKTa B3pbIBa npeob-
najaowi nepuos Konebanuit 0,3 ¢, a 370 BNN3KO K COBCTBEHHOMY Nepuoay
ceiicmometpa (0,25 c). B 3TOM Chyvae amMnanMTyAbl BbIHYXAAKOLWMX MEKCH- -
ManbHbIX KONeBGaHUi NPUXOAATCA NOYTH HA MaKCHMyM YaCTOTHOW XapaKTepu-
ctukn CBM. 3gect HabmoaaeTchA ymenblieHUe KO3thdUuneHTa Bapuaumy am-
Nty 4 or 60 ao 27%. at,

C Apyroy CTOpOHbI, DasnuuMe 8 ONPeAeneHUn cercMnyeckoro 3diexTa
pastbiMM cnocoBamn MOXET OblTh BbI3BAHO HEKOPPEKTHOCTLIO OfNpederneHus
MaKCUManbHbiX CKopocTeid o dopMyne ANA fapMOHUYECKUx KonebaHuu.
YcTaHoBUTe Npeobnapfatolliee BAUAHUE MEePBOA MAN BTOPON IPUHWHbBI PACXOXKAE-
HMA B 3HaveHVMAX / N0 UMEWLEMYCA MaTtepuany He NpeAcTaBNAeTCA BO3-
MOKHbBIM.

Mo pe3ynbTaram fpPoBeAEHHOro 3kcnepumMeHTa (cm. Tabn. 7.1) B BavkHen
30He B3PLIBOB NPK B3puiBe 3apAaaa maccoi 420 kr BB cedcmuueckuin adhekT B
NyHKTe Habmoaenuns 7 coctasun 9O Gannos, B NyHkTe Habrmoaeuna 2 — 7—6 Ban-
noB, B NyHkTe Habnwgesuwa 3 — 6--5 6annoe n B nyHkTe HabniogeHwAa 4 —
5 Sannos. Mpy nsmeneHun Beca sapAaa oF 420 Ao 126 i BB ceitcMuuecknit
apheKT B nyHkTax HabarwpeHua 7—4 unimeHancs Ha, 1 6ann. O pOCTAaTO4HO
CUNBHOM 3chheKTe 3TUX B3PLIBOB HAa BAU3KUX K 3NUUEHTPY P3CCTOAHUAX CBU-
AETENBCTBYIOT OCTaTOUHbIE aedopmauin, NPOABUBLINECA B WEBHUCTOM rpyHTe.

Mocne B3pLIBOB ObIN NMPOBEARH OCMOTP M 33aMepsl OCTAaTOMHLIX gedopma:’
UMt 8 rpyHTe. OCMOTP NOKa3an, YTo A0 PaccToAHuAa 10 M OT NyHKTa B3PbIBA
Ha TPYHTE NOABUNUCL YeTKO Habnwaaembie AYrooBpasHeie TPeUMHbE, obpalueH-
Hble BOFHYTOCTbIO B CTOPOHY 3nuvueHTpa. Ha paccroanun 1,5; 2,5-3,5; 4,54
5 m 07 ypesa BoAb! OHU umenu wupuny 40—-60; 17; 7; 5cMm. TpewmHsl wupw:
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p u c. 7.17. Cnextpel Qypse 3anuced B3pbisa S, Mm-¢

o ¢ Maccon 3apraad 252 «r BB wa paccTon-
HYWW OT INWLEHTPA B3PbIRA

1 -50; 2-75;3-100m

8 BOA

woit 0,5 CM NPOCNEXNBANUCE 40 PacCTOA-
vua 10 M OT NYHKTa B3pblBa. B nyHKTE Ha-
GrrofeHuA 1 Ha paccTORHWUU 25 m ot anw
ueHTPa B3PbIBOB TPELINH He bsinoBUAHO.

MonyueHHBIA NPU 3TOM 3KCNEpUMeNTe 7
pe3ynbTaT He COrNAacyeTcaA ¢ ONUCAHHBIM
g pabote C.B. Measeaesa w ap. [111],
rge Beino nokasaWwo, uto npu 8-9-6an-

ALHBIX 3EMNETPACEHVAX NOABAWTCA Tpe-

(WMHB B TPYHTax OT eauHuy ao 10 cm.
flo-BUAKMOMY, 3TO PA3HOrNacue CBA3AHO

¢ BuibpacbiBaHwem cTtonfa BOAbI NpW

g3pbleax. Ha 6nuaknx paccroannax (1,5—

3,0 m or Bepera} cton6 soawl 06pyilv- 2
BancA Ha TFPYHT BCel CBOEW Maccon W g
pa3mbiBan TPeWMHbL, @ Ha AanbHVIX Pac-
CTOAHWAX, Kyha BOAA NOKaTbiBanach 8

BuAE BOALAHOW BOMHLI M 3aTem crekana

06paTHO B BOQJOEM, OH&, BEpOATHO, 3a-

MbiBana Hebonbwve TPELWWHBI.

HecMOTPA Ha HEeKOTOPble COMHEHWA B TOYHOCTM OUEHOK CeNCMUNECKOrso
ahthekTa Ha PaA3NUYHBIX PACCTOAHMAX OT 3NNUEHTPA B3PbISOB, (prUBefeHHbIe
AaHHble CBUAETENLCTBYIOT B MNONB3Y TOFO, YTO 33PErMcTPUPOBaHHbIe B3PbiBbl
€o30aBanv Ha HabNOgeHHbIX PACCTOAHWAX AOCTATOYHO CUNbHBIE CEACMU4YECKUe
BO3gEMCTBIA, CROCOOHLIE BbI3BATH HENWHEHbIE ABNEHNA B FPYHTE.

Mpexae vem nepenT K aHanM3y MOAYYEHHb!X PE3YyNbTATOB, YCNOBMMCA
paccmaTpueaTh BAMXHIOW 30HY B3pbIBOB no ®.9. Antukaesy [11]. Bo B3puiB-
HOM nene 0OnIYHO Pa3fnualcT ABE 30HbI, YPYryid WU Heynpyryw, He Bcerga
OfOBapnBan, NO XaKUM XaPaKTePHbIM NPU3HaKaM KOMEDSaHWN, BUANMBEIM Ha
ceCMorpaMmax, Wx MOXHo BelgenuTe. ®.®. AnNTuKaes nPeANOXKUA  3MN-
UBHTPANbHYIO 30HY B3PbIBAa NO XapaKTepy CeMCMUYecKux Konebanui pazaenute
Ha 4 30HbI: 1 — guar; 2 — BHYTPEHHARRA 30Ha; 3 — NPOMEXYTOUHAA 30H3; 4 —
BHEWHAR 30Ha. Owar — 370 06NAacTb KOHLUEHTPAUUK NOTEHUMANEHON 3Hepruu,
KOTOpaa MoXeT BLIAGNUTLCA B BUAS 3HEPrUM CeMCMUYECKMX BONH. BHyTpeHHAA
30Ha, KOTOPaA yCnoBHO Ha3BaHa u3nyvarenem O.¢, AnTukaesa, XxapaKrepusyeT-
CA UenbiM pRAOM NPU3HAKOB. Bo-NepBbIX, B 3TOA 30HE HaBNAAETCA OYeHb CUNb-
HOE NOrnoweHWe 3HEPry CEMCMWYECKUX BONH, BO-BTOPLIX, NPOUCXOAWT
U3MeHeHWe npebOnagarowero nNepuoaa € PacCTOAHWEM, NPUYeM Ha rpaHuue
M3nysaTena ero 3KaYeHMe [OCTUTaeT MUHUMYME, @ 3aTeM Nepuos HaYMHaeT CHOBa
DafTM. Benuuuna paguyca wanyuaTens onpeaeneHHbIM obpazom cBAzaHa ¢
CeUCMIMYECK Ol SHEPriei, BbINENAIOWENCR HA MPaHuLe BHYTPEHHEN 30HbI:

IgR, (1) = ~1,2+0,419E,,. {7.15)

3aecy R, — paavwyc usnyuatena; £, — cecMUYecKan 3Hepruf wn3nyuaTens.
Kpome toro, Nepyol Ha rpaHule NPOMEKYTOMHNOM W BHEWHEW 30H fpUMepHo
8TPOE NpessiwaeT sHaeHWe neproaa Ha rpanuue usnyvatena [11].
MpPoMexyTouHaR 30HE HeMoCPEACTBEHHO NPUMbIKAET K. BHYTPeHHe, OAHAKO
“eVBCeMM nccnesoBaTeNAMKN OHa BblaenAercA 8 0cobyk 3oMy. PacnpocTpaHeHue
CeUCMUYeCKX BONH B 3TOW 30HE COMPOBOXAAETCA HEMMHERHBIMY MCKAKEHUAMN
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W 3aBUCUMOCTHIO AEKPEMEHTA MOrNoWeHUA OT aMRNWTY ALl W 4acTOThi CeNCMM-
syeckux BonH. [NA BblAeNeHUA rpaHuLbl MexxAy MPCMEXYTOUHOW K BHEW Hew
30HOI (30HOM Manbix AedOPMAUMIA) HeT CTOMb YeTKUX KPuTepweB, Kak ARA
BblABNEHUA BHYTPEHHEN 30Hbl. [10 OPUEHTUPOBOYHLIM OueHKaM &.®. AnTtuka-
£B4a, BENNYMHA ITON 30HbI MOXET 66T ONpedeneHa No 3MNUPUYECK O thopmy e
Rup = BRy,, rAe Ry, — Paanyc NPOMEXYTOUHOW 30HbI; R, — paauyc usnyua-
Tena.

HecoMHeHHO, NMpK UCCNEAOBAHUAX HENWHEWHbIX ABNEHWMU B rPyHTax Bbigene-
HUE BHYTPEHHER W NPOMEKYTOUHOM 30H U N3yueHue B HUX XapaKTepHblX ocobeH-
HOCTEW CeCMuyecKux koneBaHwi npeacraenrAeT GonbWwoK uKTepec. B KavecTse
APUMEPa MOTYT BbiTh PACCMOTPE.4bl CEACMOrPaMMbl B3PbIBA C MAaccoW 3apraa
126 kr BB, nonyuexHble 8 nyHKTax HabniogeHuna 7—4 (puc. 7.18) . Npexae Bce-
ro obpawiaeT Ha ce6A sHUMaHUE ROBONLHO 33METHOE U3MEHEHUE DOPMbLI 3anmncn
110 Mepe yAaneHuws OT anuueHTpa. 3anuce KoneBaHuin B NyHKTe HabmoaeHUA
1 ©OTAWMM2BTCA OT 3anucel 8 OCTaNbHbIX NYHKTax pe3kuM, HbICTRO HapacTaroLum
[0 MIKCAMYM3 MEPBbiM  BCTYTNEHMEM, NTO XapakTepHO ANA BORH CXKaTuA
6onbwon UHTeHCMBHOCTU. Kpome TOro, 34eChb CWNbHO 3aMeTHa aCUuMMEeTpUA
3anyncy: BTOPaA amMrnnTyaa MHoro 6oneule Nepeoi v NOCNeayowmX.

Mo Mepe yaaneHuA OT 3INWUEHTPa MepBLIE BCTYNNeHWA CTAHOBATCA Honee
NNaBHLIMWA, 3aMETHaA acMMMETPUA 3aNUCU COXPaHAETCA TOMLKO ANA MyHKTa
HabmodeHnAa 2. Ha celicMorpammax KonebaMnil rpyHTa B NyHKTax HabnogeHunA
3—4 oHa yxe He 3ameTHa. BmecTe C TeM Henb3m HE OTMETWUTh, YTO M3-3a He-
BOCTAaTOYHO TNNOTHOW CUCTEMBI HabnwoaeHWA 3TW NPU3HAKW  HENIMHEAHOCTY
Kone6GaHuih NO3BONAIOT AWIL KAYECTBEHHO ONpenennuTs PasMephl BHyTpeHHei
M NPOMEKYTOUHOW 30H, KOMUYECTBEHHO K& 3TO ¢hefaTh B AaWHOM CnyYae He
NPeACTaBNAETCA BO3MOXHBIM. ‘

MonyyeHHble MaTepdansl NO3BONUAW BOfNee UMM MEHEE YBEPEHHO BbIASAWNTL
BHYTPEHHIOH 30HY ceiAcMu4ecKnx KonebaHui aBymA cnocoBamu: nyTem aHa-
nusa uameHeHnA npeobnaldalolunx NEpUoAoB W pacyeTaMu Paauyca nanydaTtena
no dopmynam. M3 paccMoOTpeHWs 3aBncuMOCTW ripeoBnajaouwiero nNepuoaa
ceAcMuuecKux konebBaHwil, 3aperucTRUPOBAHHLIX B NyHKTaX HabnwAeHuA
71—4 ot paccvoamma (puc. 7.19), BURHO 3aKOHOMEpPHOe YMeHbLIEHWE Nepuoaa
oT BenuuuHbl 3,6 ¢ Ha paccToaruu 100 M OT InuueHTpa B3PbIBA A0 BESMHYUHBLI
0.3 c Ha paccToRrHMn 25 m. Ecnv npuHAaTe, yto nepurog 0,6 ¢ — 370 nepuwopn ceh-
CMUYECKMX KONeBGaHni Ha rPaHUUE YNPYrofl U NPOMexyTOYHOW 30HbI, TO Fparu-
ua u3nyvyaTena B AAHHOM cnyvae OyAeT xapakTepu3osaTeCA nepuoaom 0,2 c.
JTomMy nepuofry COOTBeTCTBYET paguyc uanyuatena 18 m (puc. 7.19}). 3ra
BenuNMHa PaaMyCa u3NYyYaTeNA COOTBETCTRYeT B3pLIBAM C Becamu 3apAAOE
126 kr BB. Npu agpyrux Becax 3apAf0B CEACMONDPUEMHUK 13 NYHKTa Habnwae-
HuA T Gbif NepecTased B NYHKT Habniogerna 4.

Paanyc usnyvarens, BolacneHHsIn no gropmyne (7.1) anA 83pLIBOB ¢ Maccoit
3apaga 126 «r BB, ornuyaetcA ot R, onpeaeneHHoro NO npecbnasarowmnm
nepuoaam kKaoneGauuid, n coctaenret 24 ™M (1abn. 7.2). Paznuunn pasmepos
BHYTPEHHEN 30HbI, ONPEAENEHHbIE PAa3HeIMU CNOGOBaMuU, MOXHO OBBACHWUTL
AOBONbHO PEAKOW CUCTEMOIt HabmoAeHWH, KOTOPAA He MO3BONANA AeTANbHO
npocNeanTs UaMeHeHWe npeobnanaowero nepuoaa, v B 3TOM Cly4ae MUHUMAaNb-
HbIW MEePUoA HAxXOAMNCA NyTeM WHTepnonNAuuu. {Ipu onpeneneHnut pasmepos
BHYTpeHHel 30Mbl No copmyne (7.1) aHeprua Ha rpaHuue usnyyatena onpe-
ASAANACHL IO 3MNMPMYeckon opmyne [111

E, =5-10°K,K,K,, CKr,

roe Kp — kosddmument, ywTeiBaowmia Tun BB; K, — xoadduumenT, yuu-
ToiBalOWMA FayBuHy 3anoweHuA 3apRaa; K, — BRaxHocTs cpedsl; C — Bec
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P u ¢, 7.18. CelicMorpammet B3pbiBa 3apRA3 Maccon 126 kr BB ha pasnnuHbix paccTOAHNAX
OT 3NUUEHTPa
7-25 2—-50;3-754—-100m

P uc. 7.19. MameHeHne BWAVMMOTO nepunoaa konebaHuit C pacCTOAHMEM NPU B3PLIBE  Mac-
c¢b1 BB 125 kr .

saprga. TouHoctb onpedenieHna K, u K, HEBEANKA, TAK KaK OHW PacCYUThi-
BATCA MO rpadkam, 3To 8 CBOK OYepeab MOXET BHeCTW 3HauuTesbHble No-
rpewHocTH B onpedenenue A,.

Paamepb) 30H NpW B3PLIBAX MOXKHO TaKKe BbIPaXKaTb “epe3 HEKOTOPYW
BEAMYUHY 7, KOTOPAA CBA3aHa C BECOM 3apAfla, a CNeaAoBaTenbHO, U C 3Hep-
ruei B3pbiBa COOTHOLWGHUEM

o =0,053%YC (u). (7.16)

BenuuvHa ry — Ha3wiBaeTcA npueefeHHsiM pasuvycom 3apaga, H.A. Kpachmko-
BoiMm  [88] pazmepsl oBnacTy CywecTBOBaHWA yNPYro-NNacTMyecKUx  BONH
CXaTuA Npw B3pbIBaxX oueHusawTca 8 (30—100) ry. To ecTh oBnacTb cywiecTeo-
BaHWA 4nCTo ynpyrux konebanni HauHetcA, cornacdo  [88], ot 100 ro 1 Gonee.
Ecnn npuHATL 3Ty BENMuMHY B KaYeCTBE rPaHulbl Mexay oBnacTAMKM yRpyrux
U Heynpyrux aedopMauunt, TO MOXHO NPUMEPHO OLEHUTL pPazmepbl 06AacTU
3aBELOMO HENMHENHLIX UCKAKEHWA CEBACMWUECKOrQ CUTHaNa 10 BEIMYKHE 7.

PeaynetaTe: onpeaesieHUA BHYTPEHHEN 30HbI CENCMUYECKMX Konebanui,
T.e. 30HbI ABHO HENMHENHbIX UCKAKEHUN CENCMUYECKOro CMTrHana, 4ByMA cno-
cobamu npuseaeHsl B Tabn. 7.2.

Paameprl 3oHel Heynpyrux AediopMauuil PacTyT HenporopLMOHANLHO 3Hep-
v koneBauuit 1 Becy 3apraaa. Npu naMeHeHun Beca 3apAaaa B 10 pas, a aHepruu
KoneBaHui NnpumepHo B 5 pas pasmep 30HLI HEYNPYTrUX AedhOPMaunii B O4HOM
Cny4ae, cormacHo pacseram no opmyne (7.15) msmenrAercAa 8 1,3 pasa, a 8
Apyrom, cornacHo pacyetam no dopmyne (7.16} — B 2,2 paaa. Paamepb) xe
30H Heynpyrux koneGaHuit, ONpeAeNEHHLIE PAa3NWUHbIMK cNoco6amMu, A0BONbHO
YAOBNETBOPUTENLHO COrNacyrTcA Mexay cobon (cm. Tabn. 7 2) .

Cnenyer 3ameTuTb, 4To HapAay C PaCCMOTPEHHBIMU MPUEMaMU BbIACNEHWVA
30H YyNPYrux v Heynpyrux AedopMaLunit CYLWECTBYET eule OAVH 3(DMPeKTNBHLIA
CNOCo6 BbiAeneHUA 3TUX 30H MO M3MEHEHWUKI 33TYXaHWUA aMNNWTya cerncmuye-
CKUX BOAM C pacCTOAHWEM.

3aryxanue aMOANATY ] CeCMUYECKUX KanebaHnih M3MEHABTCA NO PasHbIM
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Kr

Macca 3apraa, C. £
" €n

Tabnuua 7.2
Pa3meput 30H Heynpyrux nethOpMaumit, PacCHUTaHKbIE PAINMYHLIMY cnocoBamu

_ R weynpyrow 30-
R Heynpyrow 30-| 3, no npea8-

R Heynpyrow 3o-

42

84

126
168
210
252
420

0%, Ak | w Hbi C UCNONIbIO-
! b1 N0 GopMyne | napaowmm ganuenm Gopmy-

| 7.0, ™ mepuoaamM, M e (7.2 m
P 4

11,6 22,3 18

18,5 233 23

23.8 24,4 18 26

29,8 25,2 29

35,8 26,2 31

41,0 27,0 33

62,8 28,3 40

33KOHaM BO BHYTPERHEN, NPOMEXYTOMHOW W BHewHen 3oHax [11]). C 3von
TOMKW 3PEHUA 3aTYXaHWE CeUCMUMECKMX BOMH MOXET CNY)XXUTb OAHUM U3
Hanbonee MPOCTbIX MHAUKATOPOB HeNMHERHOCTU KoneBaHWi, cpaBHUTENLHO ner-
KO onpefensemMbIiM Ha NpaxkTuKe. [lnA 3T0ro TpebyeTca TONLKO ORAHO YCAOBUE —
fINOTHAA CACTEMa HAbRIOJeHW, T.e. PacCTaHOBKA CEACMONPUEMHVKOB no NPo-
M0 € MAMbLIM WAr QM.

K coxanenunio, B HacToRuweh paboTe, #3-3a8 HEMNOTHOW CUCTEMbI HabnwaeHUA
(4 nynkTa nabmogenna Ha 100 M) MOXHO NpocneanTs NNLLEL HEKOTOPbLIE OCO-
DeHHOCTH W3MEHEHWA 3aTYX3HUA Ha Pasfu4HbIX PACCTOAHMAX 1 MPU PA3NNYHbIX
Becax 3apAnoe. C 3TOW LENkl PACCYATLIBANCR Tak HadbiBaeMbld 3thdeKTUBHLIA
KOo3hhUUNEHT 3aTyxarHnAa no thopmyne

n3¢

rae A — amnnuiypa B 1-M Habnwaenwn;
Habno aesmna;

BENMUMHbI 713 g,

o 2L
=g“ g_v
A

ra

2 i

Az — aMnnuTyRa B0 2-M OyHKTe

71,2 — PacCTOAHME OT 3INMLEHTPa B3pbIBa nocoowercrsyvoumx
NYHKTOB HabnoAeHNA.
3aTyxaHue PaccyYMThIBANOCL MO U3MEHEHUIO amnnmyn Ha 6azax 50-75,
75100 n 50-100 M OT NyHKTA B3PLIBA, T.e. O PE3IYNLTATAM MIMEPERNR.,
amnmuTya 8 nydxrax uHaBnogeHun 2, 3, 4 {puc. 7.16). Mexay nyHKkramu
Habniogerr 2 1 3 NO BOCLMK B3PhIBAM C OAMHAKOBLIM BECOM 33apaaa 126 kr
BB 6bina paccumTana cpeaHeKBaApaTH4HAA OWKMBKA U Ko3thdUuneHT Bapuaunm

B pesynbrate G nonydeHsl credyrowue 3HadeHna: i,y = 1,29; S (cpege-

KBaApaTU4Haa owubka)l

Bazbl

paccTonHUn

N3¢

1,29

Macca zapAga, kr 42

Nagh

0,81

=0,12 npu xo3hdmumnente Bapuauun 9%. Namenerve
1,4 B 3aBUCAMOCTY OT PACCTOANUA W BeCa 33PRA2A NPMBLAEHO HIKe:

50-75m

84
1,33

75-100 m
0,60

126 168 210
130 172 1776

420
1,77

50-100 m

1,00

Mpn oaxol 1 ToK xe Macce 3apaga 126 xkr BB Ha pasubix 6a3ossix paccToR-
HUAX 3aTyxaHue pazHoe. Yem MeHowe PaccToAHME, TeM Bofbiue 3aTyxanue, 8
CNeAOBAaTENBHO, Tem HONblie 8ePAATHOCTL NOABIEHWA B TPYHTE HENWHEAHbIX

schdhexToR.
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C poCTOM BeCa 3apAA3 YBENUWABAKOTCA PA3MEDPLI 30Hb) HENUMHENHbIX UCKaXE-
unit CAFHaNa, a CreAoBaTEeNbHO, YBENWYMBAETCA 3aTyXaHWe aMNAUTYA CeAcMu-
wecknXx Konebarvii. Mpu Bonee nnoTHOW cucTeMe HABNOAENUIA MOXHO Beino
Bul N0 3aTYXaHUIO aMNnnTya ceﬁcmmegxukaoneﬁawﬁ 6Gonee TO4HO onpegenvTe
rpaHl'!lel 30H HENMHENHBLIX MCKaN(e“HMIA CeuCMMURCKOro CurHana v CPpasHUTb C
ApWBEABHHSIMU BbILIE ABHHLIMU, HAAEHHBIMW ADYTrMY cnocobamu.

B 3aK/o4YeHWe XOTenoch Bhl OTMETUTb, TO W3NOXEHH3R Bblle METOAVKa
3KCMEPUMEHTAMbHBIX VUCCREAOBAHWA HENUHelHbIX RBNEHWA B PbIXNbIX TPYHTaX
MoxeT AaTt BONEE UEHHYH MHAOPMALMIO O CeNCMMYECKMX CBOMCTBAX FPYHTOB
npn Bonsuunx BO3BYXASHMAX TONBKO Npu Bonee NNOTHOW cucTeme Habmwoge-
Hul. Kpome TOrO, WU3MeEpeHWe AWHAMUYeCKWUX KonebGaHuiA AOMKHO COnpo-
BOWAATLCA NPAMbBIMU U3MEPEHUAMM HANPAXKEHWIA U AedOPMaAUMi B FPYHTaX.

7.5.0CAAKA CYXWX NECKOS8 NPU 3EMNETPACEHMAX

[o cvx nop Mb! PaccCM3TPUBany MNPOABNEHWA HEAWHERAHbIX ABNEHWA npu
AMHaMUYECKOM BO3ABWCTBUM {3eMNeTpACceHUA, B3PbIBLI, Bubpauun) B rpyHTax,
KOTopble Ha BOMLLIOM YAANEHMM OT UCTOMHMKOB KoneBauulh BeayT cebA Kak
ynpyras cpegda. OAHaKO B NPWPOAE CYUIECTBYET TWN TFPYHTOB, B8 KOTOPbIX
HENUHEMHbIE ABNEHUA MPU BO3AGWCTBMAX Ha HUX CO CTOPOHLI NPOABARIDTCA
HE3aBMCUMO OT paccTodaHuA, K TakuM rpyHTam OTHOCATCA cyxue Necku. fliwboe
BO3AEACTBME HA HUX NPUBOAKUT Kak K AethOpPMaLMAM CXATUA, Tak n K aedopma-
unAM casura. . '

B npouecce CABUIa PbiXNbiX NECKOB NPY NOPUCTOCTH BONbLE KPUTUYECKON
npoucxoanT ux ynnotHenwve [141]. B npouecce caBvra NnoTHbIX NecKos npu
NOPUCTOCTU MEHDLLLE KPUTUHECKOW NMPOMCXOAMT UX pasynnoTherve. Ceupevers-
CTBOM O NPOUCLLEALLEM YNMOTHEHWM NECKOB MOryT ObiTh HabniwopaeMelie npu
3eMNETPACEHMAX OULYTUMbIE OCAAKU NOBEPXHOCTHM 3EMNW B NPefenax 3Haun:
TensHOW nnouwiaaw. Hanpumep, npu 3emnetpacesun B Can-®epHango 9 cespa-
na 1971 r. Ha TeppuTOpUM, rAe 3eMABTPACEHWE NPOABUIIOCE C MHTRHCMBHOCTEIO
7—8 Gannog, B pe3ynsTaTe YANOTHEHWA MECYaHOM HACLIMU MOLHOCTLIO 12 ™M
npow3owna ocaaxa 3aaHua Ha 0,1—0,15 m [223]. B Apyrom paitoHe B pe3ynsb-
Tate OCaAKW CYXOrO Mhw BA@KHOTrO necka obpasoeanockt yraytnenue 8 0,025—
0,05 m.

Npu Iasnnitckom 8-6annsHom aemnerpaceHuu 8 anpena 1976 r. npousowna
ocagka wa 0,5 m 0BovX KOHUOB MOCTa uepe3 KOMNEKTOP, HaxXOAAWMWUCA Ha
HaCbINHLIX BNAXKHbIX W BOAOHAaCHIWEHHbIX neckax [47]. Mpu 9-6annbHOM
FasnuitckoM 3emnerpracerns 17 Mas 1576 r. Ha 3TUX XKe Y4aCTKax BO3HMKNE
RononuurtensHan ocagka Ha 0,1 m.

flpu 8-6annbHom 3zemnerpacenum &8 [etponasnoscke-Kamuatckom 4 maa
1959 r. npou3ouwina ocagKka HaCLINHLIX AeCyaHbIX BOAOHACLILEHHbIX TPYHTOB B
panoHe HabepexkHoW pbiBnopTa 6onee vem Ha 1 m [39, 143], sLi3saBwan obpa-
3oBaHne o3epka. [Mpu Utypynckom 8-, 9-6annbHoM 3emneTpaceHun 6 HoAbpA
1958 r. B noc. ByxaHoBu4M OCEN NPUMEPHO Ha 1 M ydacTox nnowaasio 40 X
X50 M 8 wznywure APOTOKAE, CAOXEHHBIW BOAOHACLILLEHHLIMU NecKamu. B
PesyneTaTe Takxe obpazosanocs o3epko [143—147, 181].

Ocankun rpyHva, ebiaganHble KoneBaHUAMUK npwW 3eMNETPACEHNAX, PeaKo
OAUHaKOBLI NO BCEN NNOWLAaM. ITO ABNAETCA FNABHOW NPUYMHON NOBPEXAEHWIA
30aHU n coopyxeHnit. B Ckonbe, Hanpumep, npv 3emnetpaceHud 1963 r.
nospexcaeHna coopykenii  Apousownun 6Gnarodapa  andiepeHunpoBaHHbIM
0CaaKam, Bbi3BAHHBIM YNNOTHEHWEM MaueK PuIXbIX NEcKos noa diyHAameHTa-
Mu [223],

BeﬂM‘iMHbl 0Cafl0K eCTeCTBEHHO 3aN1erardluX v HAaCbINHbLIX, CYXUX U OsBOﬂHeH-
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Ta6bnuua 7.3
Ocanky Neckor (M) NP 3eMISTPRCEHUARX PNAZNUYAON MHTEHCUBHOCTH /

i Necky HaceIn-
f, 6ann Meckw cyxme 1 Eg;;;"‘%:':f‘;'e Tlecku HackiNyble [:::Z 0BBOAHENH-
T T T
9-10 0,104 01-0.3 g0 1,7
9 0,1-0,6
8-9 0,15 u 6onee a0 1 ™ v Boneg
8 0,1-0,2 0,15-0,5 0,5-1,2
7-8 0,025-0,15
7 0.005-0,012 0,01-0,1 0,15-0,56

HbIX MECKOB, MOMYYeHHLIX B pe3ynetate 0GoOWeEHUA Matepuanos No CUibHLIM
3eMNeTPACEHUAM 3eMHoro wapa [143—-147), npvsegers! B 7a6n, 7.3. U3 tabnu-
Ubl BUAHO, YTO OCALKH PbiXnbiX 0DBOAHEHHLIX NECKOB, KaK Nasnna, 4OCTUraoT
3HAYNTENbHO OOonNbWMX BeNUUWH, 4eM OC3AKU Cyxux nNeckom. B nacToAwen
pabore Mb! ByAeM pacCMaTpUBaTh OCAAKM CYy X' MeCKOB.

B nocnegHye rofibl MHOMO BHUMAHUA BhiN0 YAENEHO ACTANLHOMY W3YyYeHWIO
yMeHblweHnA o6bema Cyxux NeCKOB W3-32 BEPTUKaNbHLIX BUBPAUMOHHLIX KO-
neBaHni, KaK 370 umeeT MecTo nod dyHaaAMeHTaMU BUBPAUNOHHLIX MALLUH.

LD’Annononna [223] apu ucneiTaHMAX € NOMELUEHHBIMW B KOHTElHepsl
obpaszuaMin Menkoro Mecka, Ha KOTOPbE BO3AEHCTBYHOT BEPTUKANLHbIE KO-
nebaHua OrpefeneHyson amnnuUTYAsLl # 4acToTel, OBHAPYXWA, 4TO aAaxe nNpPW
OTCYTCTBUN  LONCAHWTENbHOW HAarpy3kyW NPU  YCKOPEHWAX, MeHMbwux 1g,
MPOVCXOAUT He3HAYUTENBHOE YNNIOTHEHME.

Burmarn u Oprurosa [223, 230], nposoas wnbiTaHuA, B KOTOPLIX Orfpa-
HUueHHpie ¢ BokoB 0Bpasubl Necka No4BepranvcCh NPUAOKEHWIO UWMKMMYECKUX
BEPTUKANbHLIX H3rpY30K, NPUWAKM K BbIBOAY, 4TO OBpasust € Ha4ansHOW
QTHOCUTENLHOW MNOTHOCTLIO, NpuMepHo pasHon B60%, nocne 100 yuknoe Ha-
FPYXXEHMA (PDAKTUYECKM HEe YMeMbWaT 06bemMa, ecnv NPUIOXeRHas Harpyaxa
6bina MeHbulie 20% BEPTUKANBHOIG 03B NEHUR.

370 NO3BONUNG HA3BAHHLIM aBTOPAM CABNATL BLIBOALI: 1) KOrAa AWHAMMK-
HECKWE HArDYy3KU HEBEIMKM, 3AMETHOTO YNIOTHEHUA NP YCIKOPEHUAX MEHBLUNX
1g He NPOUCXOAUT; 2} KOorfa AMHAMMWYECKNE HArpy3KU NO CPABHEHMO C Havanb-
HBIMW U36bITOYHLIMKM HArPY3KaMWU Manbl, 3aMeTHAr0 YNAOTHEHWA TaKKe He
NponexoanT; 3} BepTuKanbHble YCKOPEHWA NPV 3eMNETPACEHUAX MOFYT Bbi3-
BaTh 1MWk HE3HAYNTENBHOE YMNTOTHEHVE.

B 10 e BpeMA 6bINO 33MeHeHO, YTG CPE3aIOWNE YCWIWA, CBA3aHHbIE C
OPU30HTANBHLIMU YCKOPEHUAMU, MOTYT BbI3bIBaTh 3HAUMTENBHOE YNAOTHEHWE
M OCaRKY.

Moya [223] npu usyueHny noseseHUn FECKOB RPW WUCHbITAHUAX HA Cpe3
Ha BYUEpayMoHHOM CTONE, KOraa yckopeuna npesbiwanu 0,59, ycTaHoBuUA, YTO:
1) ko3athdMumeHT NOPUCTOCTH YORATHEHHLIX BAGPAUMKENH NeCKOB B 3aBMCUMOCTY
OT YPORHA YCKOPEHUIA YMEHLLUIABTCR NO 3KCMTOHEHUNANLHOMY 3aKOHY; 2} ynnot-
HeHwe, BbI3BaHHOe KOF AaHUAMN NecKoB, HaYMHAETCA TONKO NQcCNe TOro,
KaK YckopeHue NpesnicUT anpeaencqtsid npeaen. Bmsoak Moyaa cornacyroTtea
¢ ep1Bofamu Bapkaka [15],

37K aKCnepuMeHTblI NO3BONMAM CAENaTh BLIBOA, 4TO OCALKaA NECKOB npw
3eMAETPACEHUAX OPOUCXOAMT HaBHBIM OOPAsOM B pesynwTare ReiCTBUA ropu-
30HTaNbHLIX COCTABNAKOIWMX KOMeBaHWA TPYHTOB, NpU 3TOM B HBonblunHcTRE
cny4aes meHbwe 0,59.

Paik u apyrve [221] nNpOBOAMAM TakXe IKCMEpUMEHTaNbHbIE WMCCNeAOBa-
HUA 0OCAAKW NECKOB f1pU BO3AEWCTBAU OAHOBPEMEHHO [OPUIOHTARNbHLIX M
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gepTUKaNbHbIX yckopeHuit. Beino obHapy»eHO, 4To OCaflKU, Bbi3BaHHbIe Aelr-
cTBMEM ABYX TOPUIOHTANbHBIX KOMNOHEHT ycxope:uuﬁ, NPUMEPHO B 2 pasa
Bonblue, 4EM OCAAKM, Bbi3BAHHEIE NeCTBMEM O[HON FOPUIOHTANLHOW KOMMO-
HeHTol YCKOPeHUA, JhdieKT OT AeCTBUA BEPTUKANLHON KOMMOHEHTEI pasnuuen
4 CUNBLHO 3aBUCUT OT UHTEHCMBHOCTH BEPTUKANBHBIX Koxje6anmﬁ. B 6onewnHcTBE
criy4aeB AONONHUTENbHuie OCAAKW, BbI3BaHHblE AeACTBUEM BEPTHUKANHLIX
<OMMOHEHT YCKOPeHUHA, coCTaBnANK meHee 25% OT OCajoK, BbI3BAHHLIX Aei-
CTBVEM ABYX FOPU30HTANbHBIX KOMIOHEHT YCKOPEHNA.

Mo3TOMy OCHOBHAA npobnema 3aknw4aeTcA B ONpPeAeneHun OCaAoK oT
DeACTBUA OAHON TOPU3OHTaNLHOW KOMNOHEHTb! ycKopenma. Ecnu ee onpege-
AnTh, TO BesiMYMHa BEPOATHOW MaKcuMarnbHon ocagky ByneTt nonyueHa yeenuye-
HUEM 3HE4eHWA OCaAKMW, BbLI3BAHHOW AEUCTBMEM OAHOM FOPUIOHTAMLHON KOM-
noHeHTH! YCKOPeHuA, B 2,5 pasa.

B HaCcTOAWEe BPEMA NPEASNOXeHO HECKOSIbKO METOA08 BbIUMCNEHUA BO3MOK-
HbIX OCAA0K CYXuX MecKOB npu 3eMneTprcernAx. B vacTHocTn, Cua u Cunbseep
[223]) pa3spaboTanu MeTOf, BblYUCAEHWA OCAAOK, C NOMOULBIO KOTOPOFrO AenaeT-
CA TOMBITKA YHECTb Ha4anbHY0 NNOTHOCTL OTIOKEHWA, HauanbHble HANPRMXEHWUA,
UHTEHCUBHOCTb U AAWTENLHOCTL KoAebanuh rpyHTa [223]. MpeanoxeHo oueHn-
BaTh OCaAKYy CNOA MecKa NPU 3eMASTPACEHUAX NYyTeM BLINONHEHUR CNEayrowumnx
nocneAcBaTenbHbix onepauni: 1) onpeaeneHUA X0Aa N3MEHEHUW BO BpeMeHn
Hanps>eHuit CABWFa B PasnNuyHbIX CNOAX flecKa ¢ NOMOLLLI0 3IKBUBAIEHTHOrO
MeToAa AMHAMUUYECKOTO aHanwia; 2) nepexoa OT PA3BUTNA CABUTAICLUNX Ha-
NPAXEHUA B KakAOM CNoe K 3IKBUBANEHTHOMY 4YUCAY LUWKNOB CABWUMaroWMX
HanpaAXeHun; 3) NPUMEHEHWA 3TUX LMKIOB CABMUIaloLLMX HaNPrXeHWid K obpas-
UaM NecKa, NOABEPraemMuiM NPOCTbIM UCNbITAHUAM Ha CABWAF, ANA ONpelereHus
pe3ynbTUPYoWMX 0BbBEMHBIX MMM BePTUKaNkHbIX  JdedopMauni  CABMUra;
4} NoBTOPEHUA BbIWEYNOMAHYTON NPOLEAYPLI ASIA KaXAOTO CNOA fnecka n uHTer-
PUPOBAHUA BEPTUKaNbHbLIX 0CAA0K ANA NONYYEHUA OCANKN HA NOBEPXHOCTH.

JuHaMudeckuin aHann3 oBecnexnsaeT nHGOPMaUMto 08 U3MeHEeHUn BO Bpe-
MEHU CPEe3aloWMX HaNPAXKeHWH AnA n6oro cnos rpyHTa Ha nwboi rnybude.
3T pesynsTaThl UHTEPNPETUPYIOTCA ANA ONpPeAeneHWA 3KBUBANEeHTHOro uwicna
UMKNOB MNPEACTABUTENbHBIX CPeAHUX HANPAKEHWA Ha AaHHOW rnyBuHe.

B peancHoM cny4ae MOXHO CUMTATh, 4TO HA 3MEMEHT TPYHTa Ha ABHHOW
rnyfuHe AGWCTBYET M3BeCTHOE W30LITOYHOE AaBMEHWE W OaHHOE KOINUYECTBO
UKWKNOB rOpPM3OHTaNbHLIX CPe3alux HanpaxeHwn. BepTukanoHan ocaaka,
BO3HMKAKOWEA B PE3YNLTAaTeé [PUNOXKEHUA 3TUX HANPAXEHWA, MOXET ObiTb
n3MepeHa MPAMO MPK UCTBITAHWK (PeACTaBUTenbHOTO 06pasua 8 none npw
Harpy>keHWW B NPOCTOM CABWrawowem ycrponcTtse. Oxa AgnaeTcA dyHKUMEN
OTHOCUTENLHOW MNOTHOCTA FPYHTA, BeNWUMHbl UWKWYECKOW CABUraoLLen
HarpyaKu n 4icna UMKRNOB Harpy>eHvwA. MOKHO 0XunaaTh, Y4TQ ocagka Oyaer
33BuceTy Takyke 0T u3bbiTouHoro (aobasouHoro) AaBNeHWA, OeWCTBYHOLLEr O
Ha necok, OaHako pe3ynstaTbl MCNLITAHWM NOKA3bIBADT, YTO M36LITOMHOE
AABNEHWE OKa3biBaeT BAUAMME HA XapPaKTepUCTUKU  YNJIOTHEHWA recka WU
CABUTaOWMEe HANPAXKEHWUA, UHAYUMPYeMbie KoneBaHWeM OCHOBaHWA.

BeptukanbHan ocaaka moBoro cnoa MoeT GbiTb ONPEAENeHa No AaHHLIM
UCNbITaHWA, a OBWAR 0caaKa ANA BCEr0 KOMMNEKEa OTNOXKEHWNA MoXeT ObiTb
NoAyYeHa WHTer PUPOBAHMEM PE3yNbTATOB ANA C/10eB HA Pa3Hbix rNybunHax.

Mogynb cABUra BEIPaXAETCR COOTHOW EHNEM

G = 1000K'7] 0’3,
TAe 0, — NPUNOKEHHOE BEPTMKANLHOE AABAEHWE; /M — 3IKCNOHeHTa, K, —
KO3dhhuuneHT, M3IMEHAIOUIMACA B 33BUCMMOCTYA OT BENMYMHLI CABUFAIOUKX Ha-

NPAXEHWA, 3HaueRMA HanpaXXKeHWid Bbluucnanuce AnA  m, pastoin 0,6-0,7.
Bapuaunmm capurarowmx ycunuit Gbinn BuiNUCNEHbl AR NECHAHOTO CNOA 0buied
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MoLRocTeto 0,3 M ¢ oTHOCUTENbHBIMKU NnOoTHocTAMK 45, 60 1 80%, cocToAwero
13 ToHkux cnoes B 0,051 M n KoneGnwUerocA CUHYCONAaNbHO C YCKOPEHUAMM,
paBHbiMK 0,3 1 0,1g.

Ona cnoa B 0,051 M 6bina nonyuera ocaaxa 2,08 - 107% m nocne 10 unknos -
HarpyxeHun n 7,62 - 107* m nocne 300 unknos HarpyxeHna. CymMupoBaHuem
0CaaoK Kaxaoro c¢nof 8 0,001 M TonuwuHel Gbina BhiuWcneHa BePTUKanNbLHan
OcaaKa BCero coA.

Lna npoBepxy NPUMEHWMOCTWM BblLLEONUCAHHOR NPOURAYPbl ANA BblYMCne-
HUA 0CaAOK ObiIN M3MEPEHbI HA3 KavalLWeMCcA CTONe OCAAKM MECHaHbIX CNOEB C |
Pas3nuyHLIMK OTHOCUTENbHLIMKU nAoTHocTAMK (45, 60 u 80%) MowWHOCTLIO
0,3 M, NOABEPralWMXCA CUHYCOMAANBHBIM KONeBaHrAM yacToTol okono 4 My
C MAaKCUManbHbLIM  YCKOPEHWEM, nNpuMepHo paBHbiM 0,39. Bbin ncnonw3osaH
OBHOPOAHLIA KBapueBbIA NecoK. [ANA WMUTAUMU* 4ONONHUTENBHOW Harpy3xu
Cnoi necka BbiN HaKpPwIT TOHKUM CNoem pesnHbi. Takum oBpazoMm, sennymHa
NPUNOKEHHOTO AONOAHNTENLHOMO AaBNeHUA cocTasuna 16,76 H/.m?.

Bb1n0 nonyuero yBenuYeHUe OCaAKM C yBEMIMYEHUEM YMCNA UMKNOB Harpyxe-
HUA M 3aMETHOE YMEHbLIEHUE OCAAKMW C YBENWYEHUEM OTHOCUTENLHOW NOTHO-
CT. 3HaYMTeNbHO BNWMANE Ha OCAAKY TaK>Xe BENWYMHA YCKOPEHWA OCHOBAHUA.
HanprkeHWA, BO3HUKaEOWME B CNOE NMECKA C. NPUNOMKEHHOW AOMONHUTENbHOW
Harpy3xkow, Gonswe, 4em B nNecke, Ha KOTOPbLIA He ABUCTBYET AONONHATENLHAA
HarpyaKa.

CpaBHeHWe BbIYNCAEHHLIX OC3A0K, ONPEAENEHHbIX HA KaualolWemMCcA CTOone,
NoKasano, 4To NOAyvYeHO AOCTAaTOYHO XOpoluee cosnapeHue. TOMbKO B 0AHOM
cnyvae pasHuua aocturana 50%. BeiuscneHue OC3AZOK ,NECHaHbIX OTIIOXEHWA
Baxke B YCMOBMAX CTAaTUHECKUX HArpPy30K CBA3AHO CO 3HAYATENbHBIMKU OWKNEKa-
Mu, nopAaaka *25-50%. [AnA cnoxHeix ycnoBui konebaHuil rpyHTa MOXHO
oXuaaTe Gonbwux OWUBOK NpY BhiYMCAEHUM 0canok. MoaTomy npeanaraeMoii
METOA4 MOXKeT BbITh MCNONb30BAaH B OCHOBHOM ANA I'lpM()J'IM)KeHHOI'O BbtYACNEHWA
0CaQoK 3eMHOW NOBEPXHOCTU, BOZHUKAKOLWMX 8 CYXIX UIN BAAXKHbBIX HECBA3HBIX
FPYHTax Npu 3eMneTpAceHuu.

B KavecTBEe TUNUYHOrO NPUMeEpa MCNONB30BaHMA MeToaa 6biNa BbIYMCNEeHa
ocaaka 15-meTpoBOW TOAWM MeCYaHbiX OTNOXEHWA C OTHOCWTENbHOW NNOTHO-
cTblo 45%, KoNeBNLENCA ¢ MaKCuManbHbiM yekopenuem okono 0,35g. Owna
oKa3anacb OBnAM3KOM ocagxkam, HabnwaaemMbIM Npy 3emMneTpAceHnn B Can-
QepHanpo B8 1971 . npu NOROOHLIX YCKOPEHUAX, BO3AENCTBYIOWMX HE&
aHanoru4Hble rpyHTer 0,0635 M. 370 NoATBEPXKAAET BOZMOXHOCTB CAO/b30Ba-
HWA METOAA ANA NPUBANXKEHHbLIX BLIYMCIEHUA 0CAA0K.

BTopas onepaunA metopa, npeanoxeHHoro Cugom u Cunsepom (onpeaene-
HME 3KBUBANEHTHLIX UUKNOB MOCTOAHHOND HArpyXeHus), AasnAeTcA npnbnw-
MeHHoW. Maptud u gp. [216] nokazanu, uTo MOCNEACTBUR HeperynAPHOro
NPUNOXKERUA COBUMAULUX HArPY30K 3aBUCAT HE TOMbKO OT BEANMYMHLI UMNYAb-
COB, HO M OT NOPAAKA, B KOTQPOM OHW NPUKNaabiBaloTcA. MeToa, npeanoxeH-
Hbtid MapTurom u apyriumu [216], N03BONMA OCYLIECTBNIATL NPAMOE BhiYuChHe-
HUE OC3aAOK, BbI3BaHHbIX AdHHbIM 3emiaeTpACeHeM. OH npuMesnmM TONbKO K
CYXHUM MAN HEBOAOHACLIUWEHHLIM NECKaM.,

PesynbTathl M3yuYeHMA OGBLEMHbIX UIMEHEHWIA B MECKE, BbI3BAHHLIX LWKK-
YECKYMU CABMTEOWMMU Harpyskamu, npoBefleHHble MapTuHoM wn Apyrumu,
NoKa3sanu, 41o NpupaeHne obvemHon aethopmanuu Ae,,; 3aBUCUT oT geopma-
uum casura y v obweih obvemHon pechopmanmnu €,4, HaKGNNEHHON B pe3ynstaTe
PUNOKEHNA NPEKHUX CABUralWMX Harpy3ok. HakonneHHan obvemHas ae-
hOpMaLMA CABUTa TOBOPWUT 00 UCTOPMUM APUNOXEeHUA Harpyszok. Beina npea-
noxeHa Gc,MVia ANA BbIYMCNEHNA NPpUpaweHnA obremion aedopmaumnu

Aevd: C (7_0261/(1) + 035341/ (7"' C4fyd'.
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P u c. 7.20, CpagHeHne BbIMUCNEHHbIX W W3MEPEHHbLIX 3daueHnd OBbeMHbIx Aedopmauni
nocie 10 UrKT08 HArpYyXeHuA
7 -~ NIMEPLHHBIE 3HAYEHMA N0 [223] ;2 — BbIYUCN@HHbIE 3HAYEHUH 00 [216]

Puc. 7.21. Moagns cnoa ¢ ANCKPETHLIMY MACCaMn

[ecoK, MECNONb3YEMbIA B ONnbiTax, BbIN YACTbIH KBapueBbIt © KOIPPHUUNEH-
TOM HEOAHOPOAHOCTY, pasHubiM 1,5, U OTHOCUTENEHOW NNOTHOCTW D, pagHoK
45%. LnAa avoro necka C, =0,80; C,=0,79; C;=0,45 u €, =073, ecnn
Harpy3aku BeIpaxawTcA B npoueHTax. OHU U3MEHADTCA B 3aBUCUMOCTHU OT Tnna
necKka U OTHOCUTENbHOU nnoTHocTu. Cnoco6 onpegeneHrAn KOHCTAHT OMMCaH B
paGove {216].

Balno abHapyxweHo, 4To npupauieHue ofibeMHOW aedopmaymm MOXKHO on-
penenATh TONbKO ANA OAHOW OTHOCUTENBHOW NSIOTHOCTW, Tak Kak ANA ApPYFOW
OTHOCUTEMbLHOW NAOTHOCTW fApupaleHne obbeMmHon pedopmayy ONpPeAendeTCA
ypagHeHuem

{;\El’d )Ur =R (Aeyd )Dr y

B KOTOPOM R — fnapamerp, MEeHAIWUWACR B 3a8ACUMOCTH OT OTHOCHTENbHON
NNOTHOCTY ¥ ONpeaeNREMbIRA CNeAYILUMM BripaxkeHuem (202]

R =0,00031(100 - D,}* + 0,062,

npw 45% <D, < 80%.

BhiuvcnenHele n v3mMepeHHbie 3Ha4eHUS HaKONNeHHbIX 0DBEMHbLIX AedopMma-
Uui nocne 10 UMKNOB CABMIMAROWIMX HATPY3OK PA3HON BENNYMHL) ANA NECKOB
C OTHOCATENLHOA NMOTHOCTHI 60 v 80% AOCTATOMHO XOPOLWWO COracyrITCA MeX-
ay cobon (puc. 7.20). B ropusortansHeix CoAx necka 00beMHbie Aedopma-
UM ParHbE BepTNKANbHbLIM.

Mpu 3emaeTprRceHt Necyarnble OTNOXEHUA NOABEPTaOTCA BO3AENCTBUIO PAAA
HENOCTOAHHLIX MO BEMMYMHE CRe3awlux Harpy3ok. flpoueaypa ANA BuIMUCNEHWA
ofveMHbLIX pedopmaumit, npeanoxerHas Maptuiom [216], kak pas npeaHasHa-
HYeHa ANA cnywaes, KOrAa NecKku nOABEPraloTcA AENCTBUIO PAAA UVKIOB He-
NOCPeACTBeHHbIX NO BENWYYHe CPe3atdLiMX Harpy30K.

®uHe u BepH [202) wayvanu pacnpocTpaHenne fMOMEPEUHLIX BONH B CNoe
HEBOAOHACKILEHHONO MeCKa MOWHOCTED H, NOKOALWLEroCA Ha ropu3oHTanbHO
3anerawowei koperHol nopoae (puc. 7.21) . CeoicTaa CNOR M3MEHANUCH TONLKO
B BEPTUKanbHOM HanpasneHnn. MonepeyHble BONHLI PACNPOCTPaMANNCL BBEPX OT
KOPEHHOro ocHoBaHnA. C TaKnMK AOMYLLEHUAMN AMHAMMYECKOE NOBEAEHUE CNOA
YNORO6NARTCA NOBEACHVIO OAHOPA3MEPHOR Bankw. Tak Kak CBOWCTBA CNom
MOFYT U3MEHATLCA B BepTUKanNeLHOM HaNPaBreHuy MO CHYYaiHOMY 3aKOMY,

14. 3ak, 1667 209




24

- 4[
s ‘
-
z
, -
Vi J—

1 —k ﬁ - I-' J_ l-
w4 Y gt s a7 A A

P uc. 7.22. KoabdwmumenTsl 3aTyxammn (@) v koadduument K, {6) ans neckos [202)
OvHocuTensHble nnotHocty (B%): 7 —90; 2 — 75; 3 ~60; 4 —45; 5 — 40; 6 — 30

narnbaancA Ganka MoxeT GbiTh anNAPOKCUMUPOBAHa MOAENEID AUCKPETHOU
maccel (puc. 7.21). Macce! cBA3aHm mexay cobolt npyXuHamm u gemndepa-
MU, XapaKTepUCTUKU HaNPFAXEHUW BBefeHb! B MOAENb C NOMOWLI0 Moayna
cABUra 1 KoatbtmumenTa 3atyxaHna (puc. 7.22, a) .

JNeMeHTapHble HECTKOCTUM MNpyXuHbl K;  ONpeaenAlTca KaK oTHOLeHue
MOAYNA CABMIa ANA AAHHOIO CNOA K TonwmMHKe cnoA: K; = G,-/h,-. Moayne caBura

‘ANA Moboro MOMeHTa BpeMeHU MOKeT GbiTh BolpaxeH
G =1000K; {5, )!/*,

rae 0, — cpeaHee .3thdexTMBHOE HOpMansHoe gaasnenne; K, —~ napameTp,
M3MEHAIDWMNACA B 3aBUCUMOCTU OT AehOPMaELMM M OTHOCUTENILHOW MMNOTHOCTM
{pnc. 7.22, 6}.

YpaBHeHMe ABMKEHNA CUCTEMbI C ANCKPETHLIMMA Maccamu MMeeT Bua

Ml Ex} + (C] fx} + (K] fx] = —IM) u (0.

3necy [M] — avaronanbHaa marpuua maccsl; [K ] — MaTpuua XecTKOCTH;
[C] — marpuua satyxannnA; g {t) — onMa W3 KOMAOHEHT YCKOPEHWR KOpeW-

Hoit nopoabt; {x} .  {xl w {x}—cmeweHus, cKOPOCTH M YCKOPEHWUA Mace
[M]. Tak Kak ucronsayerca IKBUBANEHTHLINA NUHEAHBIM METOR aHanu3a, ypasHe-
HUAR TPaHCHOPMUPYOTCA B

tvt= (@1 7m] Ix],
snech [P] —

@17 M) (®] = /1,

{93 71C] {9 = 2w,

(0,3 TIK] 19} = of,
rae A; —a3avyxadue B /i Mope; w; —/-A cobcTeenHan uacroTa. 3aTem ypas-
HeHnA Npeobpa3yTCA B YpPaBHEHUE HOPMAaNbHOU MDA

¥

Vot 0wn Yy + w2V, = — (01T (M) ug (o), ;

HauansHbie 3Ha4eHUA MOAYNA caBura U KoadpuuueHTa 3atyxaHua BepyTcA
ana gecopmaunu casura vy, pasHoit 1071, Pegkuun cncTembl Ha yCTaHOBKBLEECA
KonebaHue OCHOBAaHMA BbLIYACITABTCA ANA KOPOTKOro MHTEPBana BpemeHu Af,
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paBHOro 0,5 ¢, MPW AOMYwierRnd, Y10 NOBEAEHNE CUCTEMbI BA3KOYNPYTOR. 3atem
onpeaenfeTcA PacnpeaencHne CPesHUX CABMTOBbIX pedopMaumii no pasapeay
rpyHta. Ecnv 3w pedopMauMn  OTAUUATCA Gonbwe, 4eM Ha NPOU3BOALHO
BbGPaHHYIO B Hauane aHanu3a BenuuviHy, BbIGMPAKOTCA HOBbIE 3HAUEHUR MOAY NA
caBura v Ko3ddUUMeHTa 3aTYXaHWA U CMCTeMa VPaBHEHW DewaeTcA BHOBL.
MpoueRyPa NOBTOPRETCR Ao Tex NOP, fOKAa ABA NOCAEAOBATENbHBIX PAAA
nethopmaumit He ByayT OTBeUaTh YCTAHOBNEHHOMY AOTMYEHUIO.

B cneaywumit MHTEpBan BPEMEHN XKECTKOCTb M KOIDGUUMEHT 3aTyXaHuA
ByayT APYTUMK, TaK Kak Byaer apyram BO3BY>KAEHUE OCHOBaHWA. BaXXHO BbiTh
yBepenHsIM, YTO AOCTUIHYTO AWHAMWYecKoe pasHOBECUe Npu nepexoae OT
OAHOTO WHTEPBana BpeMeHn K apyromy. KoHeYHbie CKOPOCTU W CMeuieHnA
MpeALIECTEYIOWEr0 WHTEPBana CTAHOBATCA HadanbHbIMA CKOPOCTAMK 1 CMelle-
HUAMMK CMEAYIOLLEr o/ uHTEpBana, NOTOMY UTO U3MeHEHMWE YKeCTKOCTeH U Koatdu-
UMEHTOB 3aTYXaHNA BERET K COOTBETCTBEHHOMY W3MEHEHWIO YCK OPEHUMA.

HauanbHuie YCKOPEHWA B CReAylowui WHTepBan BPeMeHyn ONpeaenaArTeR
13 ypaBHEHWA JUHAMMNYECK OO PaBHOBECUA

M) Exdy + 16T tx + (K] Ix b = M) Exdo+ (Cladx) +

+{K12 {x}1.

8 KOTOPOM WHaekc 1 o03HauyaeT ‘“‘nepea “ameHeHWeM CBOMCTB’', a whaekc 2
03HauaeT "‘nocne nameHeHna ceoncTe’’, CaepoBaTensko,

fxta=ix}y + MUUIC); = 1Ch) 1x}, + LIKT =K ) Ex o).

3aece X, — ycKopeHWe MOCNe U3MEHEHWA 3HaveHWii XKECTKOCTU W 3aTyXaHus,
Mepexos K HOPMansHLIM KOOPANHATAM TpebyeT, 4T06s

- 220w, O 0
[@17[(c) @] ={0 zws 0O =[A],
- 0 0 20w,
rae
A=A =N, (€] = (@717 (4] (977,
Unwn

1C) = (M @) [A) )7 M1,

Tak, ecnu {x}, {x} n {X} B Hauane npeabIAYLUEr0 UHTEPBANA TENEPb U3BECT-
Hbl, TO TPOAOTKEETCA MHTET pUpOBaHve B HOPManbHbiX KoopawHatax. B kauect-
BE NPUMMeEPa WCNONLIOBAHWMA ONWCAHHOIO BbIWE ANFOPUTMA BbINK BbIYUCNEHBI
OCanKK CnoA flecka MouHocTeio 15,2 M AnA pAaa yckopeHuid. OTHoCuTenbHan
NNOTHOCTL necka mameHanack ot 45 no 80%. fepebie 10 ¢ KomMnoredTsr NS
3eMnetpaceHns 1940 r..8 Ins-LeHTPo BbINK UCNONL3OBAHLI B KaYeCTBE UCXOA-
HOTO aBMXEHMA B OCHOBAHWW NEcYaHOro CNof. 3anucCb 3eMneTPACEHUA Bbina
TPBHCPOPMUPOBAHA € NOMOLLBIO MaclwTabHeix Koddduuymentos 0,5; 1,0 w
1.5, anA toro uToBbl Bbinw TPW Pa3HbIX UCTOPUWA NPUNCHEHMA CeCMUYECKUX
Harpysok ¢ maxkcumanbHbIMU YCKOPEHWAMY cooTBeTcTBerHo 0,15, 0,32 n 0,48.
YCKOPEHWUA OCHOBAaHWA U BbIYACHEHHBIE YCKOPEHUA Ha NOBEPXHOCTW CMOA Nec-
K& € OTHOCUTensHON NNOTHOCTbIO D, , paBHOM 45%, 1 MaKCUManbHbLIM YCKOpe-
Huem, pasrbiM 0,32, NnokazaHsl Ha puc. 7.23.

Ucnsitanua NPOBOANAMCE B 3KCREAMUMOHHBIX ycrtosuAax. Cnor Obin pas-
Aefied Ha 10 npocrioeB MOWHOCTBIO 1,52 M KaxApiid. JuHamuuecKine Hanpa-
XEHNA U cooTgeTcTBYIOWME UM AehOPMAUMK CABUMa U O6beMHbie aediopMaunn
CABUTa ana TunuuMbIX NPOCROEB NOKasaHel Ha puc. 7.24. B ropusoHTaabHoM
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P u c. 7.23. YcKOpeHNA OCHOBAHWA W BhIMUCNEHHbIE YCKOPEHMA Ha MOBEPXHOCTH CHOA
necKa £ OTHOCW TENLHOR NNOTHOCTHIO 45% 1 MakcuManoHbIM yekoperuem 0,32 ¢

Onzc/em? 7 N - f

7 - 45
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P u ¢, 7.24. funamuueckmne Hanpaxedna o {al v COOTBETCTBYIOWHME UM AShOPMALUN CABMTA
v {6) , o6vemube gedopmauvn € (8}, BoizBaHHbIC BO3AEACTENEM KOMAOHEHTLI V—S 3emne-
Tpacenna 1840 . 8 2nb-LeHTPO; MaxkcuManbHOe ycKOpenue OcHoBanwa 0,32 ¢

cNnoe necKa 3Ty aehopmMaunv paBHbl BEPTHKanbhbiM AedopMauwAam. Oblan
ocanKa MoxeT BbiTh NONyYeHa YMHOXEHWEM H3 MOLLHOCTL NPOCNOA. N

CyMMUpOBaHWeM pe3ynbTaToB ANA APYrux Mpocnoes MONy4awT pacnpe-
Aenenue ocapok no riaybune. MokasanHoe Ha puc. 7.25 pacnpeneneHue 0cagok,
Bbi3BaHHLIX AeAcTBuemM 3emneTpAceHun 1940 r. 8 3nb-LieHTPRO © MaKCUManbHbIM
ycKopeHneMm pasHeiM 0,32 {KoMnoHeHTel AV—S), 33BKCUT OT OTHOCWTERbHEIX
INOTHOCTEN. BriuncnenuA nposeiedbl ANA OTHOCUTENLHLIX NNOTHOCTEA NecKoB
45, 60 n 80%. faxe oueHb nNnoTHele (O, = 80%) necku MOryT noAsepraTbCs
U3MEPUMON Ocaake MNP CURbHEIX IeMNETPRCEHVMAX. B npueeaeHHOM npumepe
ocaaka npu O, = 80% coctasvna 0,64 cm.

Obwan ocagka CnoA flecka 33BUCUT TaKyke OT 4acTOTbl M WHTEHCHBHOCTH
PacnNPOCTPARAUMXCA OT OCHOBaHWA cnoA KonebaHun (puc. 7.26) . OkaswbiaeT
Ha Hee BAMAHWE M AABNEHUE COOPYXeHWA, PAcNoNOXeHHbIX Ha CNoe, NoAgeprato-
LIEMCA BO3AEUCTBUIO KONEBaHUA,

JhheT AENCTBUA COOPYHEHUA Ha OCHOBaHWe Bbin uMWUTUpPoBaH aobGasne-
HMeM K CUCTeMe ¢ AUCKPETHbIMW MacCcaMu ACNONHUTENLHOTO NPOCAGA ¢ O4YeHb
BbICOKOW XECTKOCTLIO, KOTOPbIA CO3jaBan Ha OCHOBaHve AaBneHue ot 1 40
4 xre/cm®. BoldncneHne pacnpefeneHna 0CagoK Mo rnybuHe, BbI3BaHHLIX BO3-
aeictemeM 3emneTpAcenuA 1940 r. B Onb-LUenTpo (komnoHextor A—S) npo-
AomxuTensHocTeio 10 ¢, 6bIN0 NpoBeaeHo B ABYX BapuaHTax. B nepsom cnyuae
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P u ¢. 7.25. Pacnpenengnue na rnybune oBuimx 0CafiKoR, BhI3BaHHLIX ABWCTBMEM 3EMNETPA-
cenup 1940 r. 8 nb-llenTpo {KOMNOHeHTeI N—S YCKOPEHUA) B CROE MecKa ¢ OTHOCUTENL-
HOW nRoTHOCTLIO 45, 60, 80%

P u c. 7.26. 33aBMCMMOCTE OC3A0K HA NOBEPXHOCTU OT MaKCUMANBHONO YCKOPEHUA OCHOEA-
HuA, anA seMnerpacesvn 1940 r. 8 Ine-llerTpo {komnonenThl A—S) B cnoe necka ¢ OTHO-
cuTeNsHOR nnoTHOCTsI0 45, B0 1 80%

H,
J —
Pwec/em?
S 7 2 s :
7=87
z -
Y74 P=2nrziem? . V74 45
/ -
g
1 il I Vi 1 —l
7 4q07 807 &4, M VA4 405 &y, M

P w c. 727, Pacnpeaenenme no rnybune 0Canok, BbIIBaHHbIX BO3AGHCTBMEM 3EMAETPACE-
1R 1940 r. B 3nb-UeHTpo (komnonenTw A—S1 npogomkurtensHocTeio 10 ¢ Ha cnoe necka
C OTHOCVTENBHOW NAOTHOCTE 45%

! — orcyvcTayer npurpysKa NOBEPXHOCTY CNOR; 2 — APUrPy3ka cocTasnreT 2 kricm?

P uec. 7.28. 3asucumocts MENAY BEMMYMHOW OCagKW Ha NOBEPXHOCT 38MIK € o, AONCNH}-
TenbHbIM AaBNesneM P U OTHOCUTENLHOR NNOTHOCTLIO FPYHTa

OTCYTCYBYET nNpurpyzka noBepxHOCTM CNOA, BO BTOPOM Cly4Yae NpUrpyska
cocTaenmer 2 krefem? (puc. 7.27). BuaHo, YTO npurpy3ka CNoA yBenuuMsaeT
OCaAKM necuaHbix CNOEB. 3aBUCMMOCTh MEXAY BEenUuMHOM 0CAAKM Ha NOBEPX-
HOCTU, AONONHUTENLHLIM gaBsiEHEM M OTHOCHTENLHOW MNOTHOCTBIO MOKa3aHa
Ha puc. 7.28. Opuako 3T BbIBOALI AONKHEI BBITH NOATEBEPXKAEHEI AanbHERLLIMMY
UCTILITaHUAMY 8 NONEBLIX yCnoBMAX, TaK KaK MCNONL3YEMaR MOAeNnt AOBOMbHO
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/7, M P u c. 7.29. Pacnpeaenexue ocasok, 8s138aHHbIX

> x N AN AeVCTBUEM  KOMNOHEeHTbt A—S5  3empetpnce-

4 HuA 1940 r., npw Npurpyake nosepxHOCTU CNORA

/ 2 kr/cM? no rny6uHe HeaaHOPAmHOro CNoA
/ necka

5t / litpuxoBKoi noKasano pacapesenexve oca-

/ AOK PV Tex Ke BO3AEACTBUAX, HO B OAHO-

/ T = 87% POAHOM C€NOE Mecka € OTHOCUTENLHOW NnoT-

% HOCTeiO 45%

npubnukeHHa. Bbille Mbl PaccmaTpneany
MOJenk COA, KOFA@ ero CBOWCTEA OCTaBa- |
AWCL MO FOPU3OHTaNN Hew3MerHbIMM. [nA
; . 4 Cryyan, KOrAa CBOACTBA CNOA M3MEHAIOT-

J 407 595 &,,m CA B FOPU30HTaNBHOM HanpasneHwu, 3aaa- |
4a He MoeT DBbiTh CBefleHa K PeweHnio |

ANA  Bankw, MOABEPralOWEeNcA CABUTY. PaccMOTpMM  ABYXCNOWHYHW  MO-
nenL necka, OTHOCWTensHaA MNOTHOCTL B OAHOM cnoe coctagnAeT 45%,
a B apyrom — 80%. Ocagki, BO3HMKaKOLWIME B KaXAOM CNOe NOA BO3AEACT- |
Buem semnetpAcenva 1940 r. 8 3nb-LleHTpo (KomnoHeHTs! yckopeHuA N-—-S), j
PaBHbl cooTBeTCTBeHHo 0,0492 u 0,0239 m (pue. 7.29}. Tak kak necoK Heop-
HOPOAEH, KaKAOe M3 3TUX BbIMACIIEHHLIX 3HAYEHUA MOXET BKNIOYAaTh OLUNBKY. :
OpnHako ownbKa, BepoRTHO, ByaeT B 060UX CAYYARX OAUHAKOBOW. i

PaccMOTpeHHble Bblille METOAb! BLIYMUCNEHWMA OCAA0K CYXUX MNeCKOB Mpu
3eMNETPRCEHMAX UMEIOT PAR HeA0CTATKOB.

Metoa Cusa u Cuneepa [(223] npeanonaraeT NOCTOAHHOE MO BEMANYMHE
HarpyXeHue, CYATAET OTMOXEHWA OAHOPOAHLIMWU, HE MEHRIOUWMMU CBONX |
CBOMCTB B BEPTUKANBHOM ¥ FOPM3OHTaNLHOM HanpasneHuAx. Metog MapTuHa,
durHa u Cuga (202, 2186, 223] npepHasHayeH and cny4aes, KOraa necky Nog-
BePraloTCA AeNCcTBMI0 PRAA UMKJIOB HEMOCTOAHHBIX NO BENWUUHE HArPY30K.
B ofoux cnyvaAx ucTouHUK KoneGaHwd OTaMYaeTCH OT peansHbiX 3eMNETPA- |
CeHVA. 3

Meron ®uHHa v B¥pHa [202] npegHazHaueH anA cnos, CBOMCTBA KOTOPOTO |
MEHRIOTCA B BEPTUKANLHOM HAnNpaefneHun. Ero MOoKHO NPUMEHATb ANA BbiYC-
nerns anddepeHunpoBaHHbBIX OCAA0K NO NNOWAEAN, HO B 3TOM Crydae oH MeHee -
TOuEH, . .

NomMumo aTOro, BbllWe Mbl PACCMaTPUBaNK MOAENb CNOA Necka, Koraa ero |
CBOWCTBa OCTaBaNWCh HEM3MEHHLIMM NO TOPM3CHTanu. 3ajada B 3TOM Cny4ae
CBOAWIACL K pelueHuio 3agaun o Ganke. [NR cayvae xe, KOraa cBOMCTBA CrioA
M3MEHRIOTCA B FOPW3OHTanbHOM HanpaefeHWM, 331a4a YXKe He MOXeT BbiTb Pe-
wena nogo6HeiM o6pazom. :

HecMOTPA Ha OTMeYeHHble HEAOCTaTKM, paccMOTpeHHbIE MeToas! MOXHO
UCNONB3OBaTE ANR MNPUBNMKEHHOrO BbIYUCNEHWA OCAAOK CYXWX MECKOB MPW
3eMIeTPACEHUAX,

Tp= 45

Iz L d

7.6. UBYMEHWE 3ATYXAHWA CERCMMWYECKOW UHTEHCUBHOCTM

MporHo3npyemein  NOBEPXHOCTHLIA cedcMuuecknit 3ddeKT npu CeicMU-
YECKOM  MUKPOPaNOHWPOBAHUM ONPeaeNAETCA nyTem CNOXKEeHUA ¢IOHOBOW
6annbHOCTH, ONPEAENABMOA KapTOM CElICMUMECKOrO PalOHMPOBAHWA, M NpU-
paiyesun 6annLHOCT, NOAYYaeMbiX B Pe3ynbTaTe AETanbHOTO WHCTPYMeEHTaMb- |
HOTO W WHEHEPHO-MEONDIMYECKOra W3y4eHNA 0COBeHHOCTEN MpYHTO.. ’

O6biyHo thoHOBaR BaNMLHOCTL CYUTAETCA HEM3MEHHOM NO BCE TeppUTOPUN
MEeXAY M30cencTamu u usameHAeTcA Ha 1 Gann nNpu nepexoae Yepe3 WU3OCENCTY-
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Pw c. 7.30, I'pagkit 3aTyXaHMA NHTEHCUBHOCTA JEMIETRRCEHNIA
3 — CBOAHbLIA N0 GanneHOCTM € paccToAHUeM; § — amnnuTyasl konebaHun LLCC ' Anma-
ATa”; @ ~ amnnuTyasl KoneGauuih No cTaHuMaM “3emnA’; 2 — CBOAMBIN NO 3EMNETPACE-
HUAM; @ — CBOAHbLIN 110 BCEM AaHHbIM; | — CBOAHBIE NO 3eMNETPACEHNUAM,; 2 — NG peaynb-
vatam fC3; 3 — n30cedcTol BepPHRHCKOro 3eMIeTHACEHNA

Nockonbky & AEMCTBUTENLHOCTU U3MeHeHWEe WHTEHCUBHOCTH C PacCTORMUEM
NPOUCXOAMT He CKauKo0oBPa3HO, 8 NNABHO, NPU U3BECTHOM 33KOHE 3TOTO U3Me-
HEHMA BO MHOruMX CAyYaAX Npw NOCTPOEHWUM KapT PacueTHoW BannbHOCTY ue-
necoobpasHo 0TKa3aTbCAR OT CKaKaobpa3HO U3MeHRIOWENCA thoHosoh Banns-
HOCTU, 3aMeHUB ee NNaBHOW.

Matepranamu anA U3yueHunm 3aTyxaHuA GannbHOCTW C PACCTOAHWEM B Paito-
He r. Anma-ATtel [60] nocnyxwnm KapTsi n3pcelicT PaspyLUMTENnbHBIX M yYMe-
PEHHBIX 3eMnETPACEHMI, a TakXKe AUHaMUYecKue XapaKTepucTUKY 3anucen
3eMneTpAceHuid u BIPLIBOE.

Mpn netansHom w3yueHun hOPMbI KpPWBOI (BOHOBOI GanabHOCT paitoH
. ANMa-AThi NpeacTaBnAeT ¢ METORWMYECKON TOYKW 3PeHWA ocobblit uHTepec,
TaK Kax UCTOPUYECKUNE CBEAEHVA O pPaspywuTelbHbiX 3eMneTpAcedUAX 3AecChb
OTNWYat0TCA BONBILOA HAagEeXHOCTHIO. BCe MaKpoceCMUUECKUe fanHble O 3em-
NeTpACeHUAX npownbix net Geinv nepecMotperbl [173] ¢ nepeonpeaeneHuem
BanneHoeTy B kawaom 06cenoBaHHOM HaceneHHOM NYHKTe, YTO NO3BONUANO
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VMeTs OAHOPOAHBLIM MaTepwan. Kpome T0ro, B paioHe npoeeaeH H0nsWION )
KoMAnekc paBaT no naydeHwo cnabow CeltMMYHOCTM M TNYBUHHOMY 30HAW- |
POBaAHUIO,

MNameHeHre WHTEHCMBHOCTW NPOABNEHVA CUALHBLIX ¥ YMepeHHbIX 3eMne-
TPACEHNI M3Y4anocs BKPECT re0norMYecKnx CTRyKTyp OT xpebta 3avawickoro
Anatay K aonuHe p. Yinu ¢ wora Ha ceeep. Buibop 3TOFO HanpaBneHMA ceA3AH
C DacNONOMEHWEM 30H BOIHUKHOBEHWA CUALHLIX 3eMASTPACEHUN, a TakKe ¢ |
TeraeHUUen pazsuTUA Anma-ATbl.

Mpu NOCTPOEHUU CBOAHOWM 3aBNCMMOCTY 3aTyxaHuA GannLHOCTH C PACCTOR- -
HUEM COBMeEUteHNe 1O YPOBHIO 3Ha4eHWW ANR OTAENbHLIX 3eMeTPACEHWH Npo-
BOANNOCH TIYTEeM nNepeMettieRMA MHANBNAYanbHbIX KpMBbIX 840Nb OCKU OpAMHaAT
A0 TEX NOP, NoKa OB PazdpPOoC TOUEK HE CTAHOBUANGCA MUHUMANBHBLIM,

Ananus csogHou kpusoit (puc. 7.30,8) nNokasbiBaeT, UTO 3aTyXaHue VHTEH-
CUBHOCTYA MPOABNERNA 3eMIAETPACEHWA AO0BONLHC XOPOWO Onucbigaerca dop-
mynon Bupa !/ ~1/R" rae n= 3,7, 4T0 COOTBETCTBYET CPEAHEMY 3HBYEHUIO KO-
thuumerTa 3aTYXaHNA, NONy4eHHOMY paHee BKPeCT CTPYKTYP ANA BCEN TeppuTo- |
pvnr B yenom [173]. :

N3yveHpne 3aTYXaHUA WMHTEHCUBHOCTU KOAeBaHUA OCHOBHLIX PyNn BONH —
NPOACALHLIX P W nNonepeuHbiX S — ABNAETCA HENPEMEHHOW U, NOXKANYN, Camoil -
FNABHOW vaCcTLlo MPU 3HANOFMUYHBIX WCCnefosanuAx. ITa 3aja4a ROCTATOYHO
CNOXKHA, NOCKONLKY ANA TaKUX NOCTPOEHMT HeoBXOAWMBI CreunanbHbie NpPo-
dumnbHsle HaGRIGAGHUA CeTuio ceicMuveckmx crasuuii. OaHako B NepsOM npwu-
BNU>KEeHNM MOXKHO BOCMNOIb30BaTbCA METOAOM OfAHON CTaHUWW, 33aUMCTBOBAEH-
HbIM M3 ONbITa cecMmopasBeao HbiX paboT. OH C yCNeXoM NPUMEHANCA Npu mar-
HATYRHOW KnaccuuKaumm seMneTprceHni [127].

flo HazsaHHOW Meroauke bBbtnu 0bpaboTaHel 3anucn 40 3empeTpAceHUid
¢ K = 8~10, 3aperncTpypoBaHtbiX UEHTPanNLHOM cecmnuueckoi cranumen (LCC)
“Anma-Ata”" 1 40 3emnetpacenuin ¢ K = 59, 3anucanHbIx cTaHuuAMK “3emna’’
B ABYX TOYKax HabnofeHWA. B KkaugcTBe ONOPHONO 3HEPreTUYeCKOro Knacca
ana UCC "Anma-Ata” 6bin npuHat K, = 9, a ans ctanuun “3emna’ Ky = 7.
B pesynvTate nonyyYeHbl KpUBbIe 3aTyXaHuA CyMMbi MaKCUMabHbix aMOnUTyA
P- v S-ponu {puc. 7.30, 6, ). Mpexxae Bcero obpawaeT Ha cebA BHAMaHWE Ma-
nbin pa3bpoc Touek Ha oBenXx KPUBLIX 3aTyxaHvs. BepOATHO, OTKNOHeHue oT-
AeflbHbIX TOHYEK OT ocpegHAwWwen kpuson coctaenaeT * (0,2—0,3} nopRaka.
Kpusble Bnm3ku Mexxay coboi n NnpakTUYecKn ccBRNagawT no dopme. B yenom
3aTyxaHve aMnaUTyR B MHTepBane pacctoAnuin oo 80—100 kM npoucxoanT no
crenenHoMy 3akony A ~ 1/R%, rge n pasro 2,1 anAa "Anma-Ava’ n 2,2 ana
cTaHuun “3emnAa”’.

Takum o6pazom, 3aTyxanne 6annbHOCTM C PACCTOAHWMEM WM 3aTyXdHuwe am-
nanTya KoneBanuil ¢ pacctofHvem, no AaHHeim LCC "Anma-Ata’” (K, = 9)
1 NO AaHHbIM cranuum '3emna” {Ky = 7), ykaswigawT Ha obBLmMi xapaKkTep
3aTyxaHuA. [lnA ROCTPOEHMA Xe OCPEeQHEHHON 33BUCMMOCTU 3aTyXaHnA UH-
TEHCUBHOCTU 3EMALTPACEHUA C PACCTORHWEM (10 COBOKYMNHOCTW BCEX AaHHbIX
HEOBXOAMMO OUEHUTL COOTHOWEHME MEXAY MaKpOCeMCMyeckoir wKanon
6annbHOCTU M MHCTPYMEHTAABHLIMI AaHHbIMU,

Yawe Bcero NpennonaraeTch, YTO CPEAHUN LUAr MaKpOCEACMUHECKOM WKanbl
COOTBETCTBYET YABOEHWIO aMAnUTYAbl Ha Gann [110]. PeaynbTathl ke MHOFMX
vccnefosanuid (127, 140] nokassiBaoT, 4T0 hakTUYecK NPUPOCTY WHTEHCUB-
HOCTW COOTBETCTBYET yBeAKUYEHNe aMnauTyabl He B 2 pa3a, a 8 2,53, a uoraa
v 6onee pas.

VsBectho [188], uT0 KoadUUveHT 3aTYXaHNA UHTEHCUBHOCTA COTPACEHMA
(y) npamo nponopunoHaner 3thheKTUBHOMY 3Haueduto KoathtuumeHTa 3aTyxa-
HUA KONe6aHWA (17,4) M 0BPaTHO MPOTOPUNOHANEK ROFapUdIMy yBenuugHnA
amnnnTyael Ha 1 Gann (M), 1.e. v = n,u/lgm. NoactasnAn B 3Ty dlopmyny 3Ha-
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TIULENTIIANEHSOE  JACLITOIKULE
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P uc. 731 Cxema niaocenrct {A) W cootBeTCTBYIOWMNE TPAGBKI MIMEHEHNA HHTEHCUBHOCTY
{6) 0nA xapTei CP 1 OTRENbHOTO 38MNETPACEHNA
7 — A30CEACTBI N Fpathnku MHTERCUBHOCTY; 2 — TO ke, And KapTel CP; 3 — Wanpasnenunn
skpect npoctuparua {11}, spons {111—111) w npomexyrvousoe (Ji—{1); 4 — ceicmorednan
30Ha

YEHUA Y Wl g U3 IKCHEPUMEHTANbHBIX 3aBUCMMOCTEN, HANAEM, 4TO B Hallem
Cnyvae yBENUYeHVEe WHTEHCMBHOCTM Ha 1 Bann COOTBETCTBYET YBENUYEHWIO aM-
nnvtya 8 3.5 pasa. Mcnonb3yA 370 COOTHOLWEHWE, MOXHO MNONY4UTh CBOAHYIO
33BUCUMOCTb 3aTYX3HWA MHTEHCWBHOCTM 3EMNETPACEHUIA ¢ PaccToAHreM {puc.
7.30,2) . OcpeaHAwwias KpPUBAA NMPOBEAEHA N0 UEHTPAM TAXECTY Fpynn ToYex.
Ha rpathnke BBEPX W BHU3 OT UEHTPOB TAXECTU OTFIOXEHbI BEPTUKaNbHble OT-
Pe3KU, MOKAILIBAKIME ReAUUMHY AOBEPUTENBHOMO WHTEPBAana UEHTPa TAKECTH
npw yposre aosepur 0,7, a TaKKe HaHeceHbl NMYHKTUPHOW NUHWER Benu4vHb!
CPeAHEKBAAPATUYHOW OLUIMOKN OTAENbHBLIX N3MepeHUA.

Hapue. 7.30,0 nokasaHbl LeHTPbl TAMXECTU KPUBLIX NpeablAytitero rpadmia.
Kpome TOrg, 8 KayecTBe OAHOM W3 COCTABARIOWUX UHDPOPMAUMN O 33TYXAHUN
CEACMUWYECKOM 3HEePFuy € PacCTOAHUEM NpuBeaeHa amMnnuTyAHan Kpuean,
NONyYeHHAR NyTeM rpaduyecKoro OCPeAHERVR UWHAMBUAYanbHLIX rpaduKkos
ANA BCeX MyHKTOB B3pbiBoB KackeneHckoro npogunn FC3. Mpadmkn npuseae-
Hbl K OAHOMY WCTOUYHUKY BO3OYXAEHWA U YPOBHIO, NOCNE 4ero ocpeaHeHsl.
B kavecTBe HOPMUPYOWWMX WCNOALIOBAMMCE 3aMUCKH KOHTPONBHON annapaTypb)
Ha MyHKTaX B3pblBOB u NapannefnsHO, B OTAENbHbIX CNYY3AX, H3 YAANEHHOW
cranumm “Tanrap’. _

Conocrasnedune Mexay coboi kpuebix (puc. 7.30,0), nonyueHHsix no 3a-
NMUCAM 3eMMIeTPACEHMA K B3PLIBOB, KaK NO opme, TaK 1 N0 3aTyxXaHWo NoKa-
3bi1BAET, YTO OHW 2HANOrUyHbl. 3TO TOBOPUT O AOCTOBEPHOCTYU NOMYYEHHOro
rpathuka. Mpy aeransHOM aHanuse aManuTyarou Kpusai I'C3 MOXHO OTMETUTL
€€ OCUMANMPYIOWMIA XapaKTep, OAHAKO 8 UENOM CPABHUBAEMBbIE 3aNUCH XOPOLUO
KOppennpyoT mMexay cobon.

Mony4eHHan CBOAHAA KPUBAA, XaPAKTEPU3yeT B NepeoM npuﬁnvnmeuuu y6i-
8aHWE MHTEHCUBHOCTY NPOABREHUA 3eMneTpAceHnWin (B Bannax) B cyBmepuavo-
HaNLHOM HanpaBfeHun OTF Y4aCTKOB, MPEACTABNAIUAX CEACMUYECKYIo onac-
HOCTh pAA Anma-Atel. Npexae veM nCNone30BaTe AAHHYK KPUBYKO ANA Npak-
Tudeckux uenelt, HeoBXOAUMO ee NPUBA3aTL NO YPORHIO. [ANA 3TOro ucNonb3o-
BaHb! MaTepuantt BepHeHckoro 3emnertprcedwmA 1887 r. {1171 (oM. puc.
7.30, 3} . CoeMelleHne AaHHbIX fi0 YPOBHIO / =9 Bannos NpousBoAUNOCE NYTeM
COBMELLEHUA KPUBbIX Ha PAcCTOAHUKU 12 KM,

Takum o6pasom, cBOAHAA KPWBaA 3aTyXaHnA 10 COROKYMHOCTH CeACMDNO-
FMYecCkux u cencMOpPa3’BeAoYHbIX Aa8HHLIX, COBMELLEHHAR NO YPOBHIO ¢ Toueu-
HBIMU  MakpoCeiCMUYEeCKUMU  OnpesensHuAMK anA  BepHeHCKoOro 3emneTpa-
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P v ¢, 7.32. Cxema pacnonoiKenwn CTan-
uhit Py NEONNBHLIX  HaBN O AGHUAX
— m3pcencrst  kapte CP-78;

2 ~ cellCMNHECKUE CTAHLUY
E 2 Mansarah .
%]

CoRe g S i A% o CeHNA, MOXET CnyxuTe 0606uen-
= HOWM XapaKTepucTUKON RAaBHOSO
3atyxauna  GannbHOCTH  CUNbHbIX
emneTpAceHun  ANMaaTUHCKOro
parioHa B cySmepmanoHantHoM Ha-
npagnenun. Oaxako AnR  6Gonee
AETANLHOTD W3YYEHWA TEPPUTODUN
npoMpaiona HeoOXOANMO  nony-
YEHHYI0O BbilJe CBOAHYIO 3d@BUCH-
MOCTb 3aTYXaHud WHTEHCUBHOCTH
FIPOABNEHNA 3eMNETPACEHUA yTOu-
HWTL Ha MaTepuanax creunanbHbix
NPOHUNBHBIX  CEACMONOTMUECKU X

Hanavanan

A

Aratay

Tanrap

010X G228 Kpacawa
Mopnca A Kp

Topead HaBRIOAEHWI .
fipw cneuvansHeix NPOGUALHLIX
/| CECMONOrMYeCKUX  HabnioaeHuAX

AAguarpacay DNA YTO4HEHUA KPUROA 33TYXaHuA
ATAHe LUany VHTEHCUBHOCTA NPOABREHUA 3eM-
/ ~ N ,\\A/ NETPRCEHWA C PACCTORHNEM Y41Tbi-
ganuce QCOGEHHOCTW, CBR3aNHbIE
C nOCTaBReHHot 2apavenn. Bo-nep-
B6iX, AMNA MOCTPOEHWA NN yTou-
HEHWA 33BYCUMOCTM WUIMEHEHUA UHTEHCUBHOCTU CeMCMUMUECKUX  KonebaHui
C PacCTORHWEM HEOBXOAMMbI  HaGmodervs BAONL ONPEAENEeHHOr0 Hanpas-
nenwA. TIpU 3TOM  pacCTOAHUE MEeXAY NYHKTaMU HabniofeHWA B Hauans-
HOW 4acTM npodunAa AONXHO BbiTh MUHUMANDHLIM, BO3ZMOXXHO NOCTEMEeH-
HOB €ro ygeenuyeHue K KoHuy. Bo-BTopbix, npodwmne Habnwiednn no
BO3MOXHOCTU flOMKEH HauMHaTbCA B8 CBIACMOFeHHOIr 30HEe W rnepecexartb
VCCNeayemMyto TEPPUTOPMIO NPOCTUPAHAA OCHOBHLIX TEONOTUHECKUX CTPYKTYD
¥ U30CEACT KapTh! CENCMUNECKOTO PAHOHNPOBEHNA,

BoiBoA O AOCTAaTOMHOCTH HaBMIoAeHM BKPECT NPOCTUPEHMA W30CENCT U
CTPYKTYP CTEHOBMTCA OYEBUAHLIM M3 3INEeMEHTAPHOroO aHanu3a MeTOAWKW cell-
CMUUECKOro parioHuposanna. OCHOBHON WHGBOPMauWeR 3gecs ABNAIOTCA W30-
CENACTB! 3eMAETPHCEHMI C MaKCMMANLHOU aMARUTYROW, NPOMCLIGAWINX B M3Y-
YaeMOM parione. M30CeNCTbl BCArAa BbITAHYTL! B TOM XX HAaNpaBAEHWUU, YTO M
CEACMOreHHbIe 30Hb), DTBETCTBEHHbIE 33 BOIHUKHOBEHWE CUNbHBLIX 3eMneTpA-
ceHni. PaccMaTPUBAR NepeceveHunn CeACMOrNeHHbIX 30H W U30CENCT B PA3ANUHEIX
HanpasnennAax (puc, 7.31), MOXHO BuAeTo, 4TO WIMEHEHWA BanNbHOCTH Ha Kap-
T8 CEACMWHECKOro PAalOHMPOBAHUR B HANPaBneMun BAONL WX MPOCTUPAHUA He
NPONCXOANT, XOTA AnA nOBOro KOHKPETHOrD 3eMNEeTPACEHUA OHO IHAYUMO BO
BCEX HANPABNEHUAX: BOMblie BKPECT MPLCTVPAHMA U MeHblle BRONL Hero. Mpw
COCTaBrieHMM KapT B OCHOBHOM YYUTRIBAETCA KONUYECTBEHHAA XaPaKTepucTHKa
23aTYXaHWMA UHTEHCMBHOCTY BKPECT fIPOCTUPAHUA U30CEHCT (BAONL Manol ocu)
OTAENLHBIX 3eMARTPACRHUA Y TONBKO B UCKITIOYATENMBHLIX CHYYarRX, wa dhnanro-
BbIX Y4aCTKEX CEUCMOreHHbIX 30H — 840nb BOMLUWION OCH.

C Y4eTOM U3NOXKEHHOTDO Cfieunanbhble CEACMONOruYeckue HabnoaeHUA
nposoaunuce No apotunio (puc. 7.32} npotrxeHHacTuio 120 KM O pexw
Vinn (ctaduma “Unu”)} aoc celicMOreHHoro 3aunuiickore pasnoma, 8 OKpecT-
HOCTAX KOTOPOrQ pacniosniomkena cranuma “TaHe-llans’’.

.
har ,_ «q el h\-,’
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BpifOp annapatypbl ANA perucTpauvn CeMCMUMECKUX MPOUeccos omnpeaends-
cA TPAAUUMOHHLIMY TPEGOBaHWAMK, NPeABABNAEMBIMA K MONEBLIM CeACMOno-
rudeckum HabnloaeHUAM: BO3MOXHOCTE pPeanu3osaTts Hanbonbluyio 4yBCTBU-
1eNbHOCTh, LUMPOKMWA AMANa30M YacTOT perucTpupyembix KoneGaHuid u T.4., 8
TOM YMCNEe Y IKOHOMWMYHOCTb NPUMEHREMOW annapaTypbi. TakKuM YCNOBHAM
yAOBNETBOPAET CEWCMOMETPUHECKWA KaHan ¢ ranbBaHOMETPUYeCKOH perncTpa-
ument.

CencMUYeCKMe CTaHUMK ObinK YKOMMNEKTOBaHbI CEPUAHBIMKM CEMCMOnpUem-
nmkamu CM-3, ranesavomerpamu B-itl, T5—V, perucrpupamu PC—Il. Ceir-
cMOnNPUEMHUKK BbinK HactTpoeHbl Ha nepuopn T = 1,5 ¢ 1 uMenu 3aryxanue D =
= 0,55. Co6CTBeHHbIe Nepuoabl ransBaHomeTpoe 7p = 0,2 ¢, 3aryxavue £ =0,5.
Cxema NOAKIIYEHAA CENCMOMNPUEMHUKOB W rafmbBaHOMeTpoB (1-0bpaszHas.
Ce/ACMOMETPUYECKUE KAHaNbl WMeNnu CTONOOGPa3HYI0 AMRAUTYAHYIO Xapak-
TEPUCTUKY MO CMeLieHwo B ananasoHe nepuogos ot 0,1 ao 1,2 c. Passeprka
sammcn 120 MM/MuH. Peanw3oBaHHoe yBenuuenive: anA craHuwi Wonoxosa —
500, KpacuHa — 2 000; Anatay, Mopuca Topesa, Anma-Ata, aHa-ApHa u
Xana-Tanan — 5000; Mnu — 10000; Anmaapacad — 20 000, Tane-llans —
30 000. Npu ysenuuervn 5000 v Gonee B CeNCMOMETPUYECKUIA KaHan BBOAW-
FMCh yCUIMTeNbHele ycTpoveTea. [nA ynyyvlueHUA YETKOCTU perucTPprpyemMaix
woneBaHnil ycTaHOBKUW Obinu 060pYAOBaHLS aBTOMATUYECKUMIt NepeKantHb!Mu
YCTPOMUCTBAMU : DOTOINEKTPUYECKUMU W INEKTPOHHBIMK.

Cnyx6a BpemMeHu OCYWeCTBSIANACh MOPCKUMK XpoHoMeTpamu MX-6, umero-
WMMA MUHYTHbIE KOHTaKTbl, W KBapueBsiMiu 4acamu '‘3nextporuxa’. Bce
celicMUYeCKMe CTAHLLMW UMENY eAVHYIO BPEMEHHYIO MOUBASKY.

PacueT OTAENbHBLIX Y3I0B U CEACMOMETPUYECKMX KAHANOoB B LenoM, a TakKe
KOHTPOAb 33 PaBoTor annapaTypet BbINCAHANRKUC, B COOTBETCTBUM ¢ TPEGOBAHUA-
MU, NpeasABRAEeMsiMI K 00bI4HBIM CeicMuuecKkum cTaHumam [10]. Ha xaxaom
NYMKTe HaBNIOAEHUA OCYWECTBRANAECL TPEXKOMNOHEHTHaA 3anUCh C OPUEHTY-
POBKOI rOpPU30HTaNbHLIX MPMEBOPOB B MEPUANOHANEHOM i LIMPOTHOM Hanpasne-
HuAx, CelcMOonprneMHUKU YCTaHAaBNMBANNCL Ha NOCTAMEHTb) B LUTONBHAX WK
NOABANbHLIX MOMEILEeHVAX 3aaHni. [10CTaMeHTh He UMeNU XKecTKOW CBA3N C
KOHCTPYKTABHbLIMU 31EMEHTaMU 3AaHUIA.

VBeHTUYHOCTE KaHAnioB MMPOBEPARIACE MyTeM 3anuch 3eMneTpRceHMiA npu
pacnonoXeHuy BCex CTaHUWA 8 ORAHOM NYHKTe HaBMoAeHW B Havane N B KOHue
fepuoda 3IKCreanunoHHbIX pabot. Nepesuvnan obpaboTka cetcMorpamm npo-
BOAMANACH B Npouecce paboT 8 COGTBETCTBUM C MHCTPY KUWEN.

IKCNepUMeHTANbHEIE WCCNER0BAHUA BUHAMMYECKUX X3PAKTEPUCTUK CENCMMU-
YeCKWUX BOAH OCAOXHAIOTCA PAROM NPUYMH. DTO CBA3EHO € 3aTPYAHEHWAMYU B
OTOXKAECTBACHUN OTAENbHLIX BOSIH Y MHTEPBANOB WX NIPOCNEXNBAHUA, SHAYMTEND-
HbIM paccenMBaHVeM WHAMBUAYANbHLIX AaHHBIX OTHOCWTENBHO CPERHUX 3aBUCH-
MOCTeN, UCKaXEeHUAMK annapatyps! 1 T.4. Bonbuioe BAWAHWE OKa3bIBAIOT U Pas-
NWMYMA 8 Me0OrMYeCKOM CTPOEHUN NMYHKTOB YCTAHOBKY CeACMMYECKUX CTAHUWIA
1, BO3MOXHO, HeyHiTbiBaeMble aMNapaTypHbie NCKaXeHWA.

flpn BoinonHeHun  HabntofeHnin 1 oBpPaboTKE MATEPVAnoB MPEANPUHATH
[ONLITK TPECRONEHNA BAMAHMA 3TUX hakTopos. [pexae BCero ANA KoMNyeKc-
HOTO yueTa CTaHUMOHHBIX yenosuil Buiny onpeaeneHbl HopMupyrwwme koaddm-
uvenTbl. MoaBop MaTepuanos 3aTPYAHEHU He BbI3bIBAET, TAK KaK MOXHO MUe-
AONb308aTL 3aMUCK YAaNeHHbIX WA BAM3KMX 3eMneTpRceHuiA. B aToM cnyuae
pPanvusn 8 amanuTyaax mobbix 3aperucTpMpoBaHHLIX BOAH (¢ nepuoaamu,
BaM3kmn ucnonsayeMbIM ANS NOCTPOEHWA rpaduKa), BbisBaMHble Feonoru-
YECKUMM thaKTOpaMy ¥ annapaTypHbIMU OCOBEHHOCTAMU CENCMUYECKUX KaHa-
NOB, MOTYT B&iTh Y4TEHbl CPABHUTENRLHO NPOCTO.

Ana onpesensHua  HopmmpylLMX  KOIHHMUMEHTOB MpPOU3BEASHbI M3Me-
PeHVA amnpuTya npoaonsHbix gonH 18 3emMneTpRCEHV, 3apPErnMCTPUPOBAHHbIX
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Ta6nuya 7.4

' HOPMMPDYIOLUMX Mt Teneh anA peansHoi (Bsepxy)
M upeaneHoit (BHM3y) hopcTakuKOHHOE cpeay

r CeNcMuveckan cranuun
3emnempRcenme Mopuca | Tagp- gn:a— Arnig- { Anma- | Xaws- | XKama- Unu
Topess | tany |o ;’H say. | Ata | Tanan | ApHa
1 2 3 4 5 [{] 7 8 10
23.01.80, 027 0V o
My g (B) =6,1 2,0 68 - - - - 32 49
Kamuarka 1,0 0,29 63 0,50
23.01.80, 07/ 02*
Mppi8) =59 33 11,2 - — 3,0 - 5,6 10,8
KamuaTKa 1,0 0,29 1.1 0,59 0.31
23.01.80, 027 43
My (BY =61 3.0 94 - - 3,0 - 40 -
Kamuatxa 1.0 0,32 1,0 0,75
15.02.80, 145 34’
My (BY =64 3,4 - 3.6 2B 12 - -~ 12,2
Kypunbckue a-Ba 1,0 1.13 1,21 0,47 0,29
23.02.80, 22 47
MpylB) =6.4 4.4 2,74 -~ - 110 - — 23,0 !
. Kypunsckue o-8a 1,0 0,16 0.4 0.19
13.04.80, 181 23"
Mpni8) =7.3 5.2 - - - - 7,2 6,4 -
0-8a OPupku 1.0 0,72 0,81
29.06.80, 074 28°
Mpy(B) =86,7 1,8 11,2 1,8 1.4 2.4 - 21 4,2
AnonuA 1,0 016 096 1,29 0,75 086 043
27.02.80,23% 11"
Mry18) =53 9,2 - — - -~ - 82 - 8
Kypunbckue 0-Ba 1,0 1,
18.05.80, 201 0,1*
Mpr (8} =59 2.0 - - 14 52 2,2 - -
Orocnasua 1,0 1.43 0,39 0,91
25.06.80, 235 30"
Mrpi8) =6,4 2,2 1.0 - 2,1 6,0 ~ -
o-sa Homan Sputarua 1,0 ,31 1.05 0,37
02.01.80, 21% 09’
Mrg(8) =69 48 - - 44 ~ - 74 -
o-8 Munganao 1,0 1,08 0,65
: 13.04.80, 05h 15
. My g (B) =52 2,4 ~ — - 3,0 3.0 2.4 8,5
i 0-8 Munaadao 1.0 0,60 0,8 1,0 0,23
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Ta6nnua 7.4 (OKOHuaHMe}

1 ? 2 4 5 6 7 8 9

4

{
13.02.80, 084 10° 261 - - 162 61,0 - - -
CHHUIAH 1,0 1,61 043
03.01.80, 20/ 32’
My i8) =48 16 — - - - - 28 ~
o-8 Mutiaanao 1,0 0,55
26.05.80 197 01"
Mg (B} =6,0 24 - - - - - 2,0 6,8
Yunm 1.0 1,2 0,35
01.01.80, 02% 52"
My B8) =51 5.4 - - 5,0 - - 7.2 -
Ypak 1,0 1,08 0,7%
07.12.79, 09% 27"
Mg (8) =62 18 ~ 96 716 - - 87 183
Wpah 1.0 0,85 1,04 0,91 0,43
16.12.79, 227 39’
Mpp(B) =49 06 - = - - - - 1,7
Wpan 1.0 0,39
Cpeanne 1,0 026 098 1,22 0862 0,81 081 035
Oxunaemsie 1,0 0,7 025 1,0 1,0 1,0 1,0 0,17

BCEMU CTaHUMAMK nau wnx rpynnamu. CBeaeHWA O KOOPAMHATaxX 2NUUEHTPA,
MaruuTyae v rnybuxe 6binu B3ATh M3 OnepatuBHoro ceicmonoruyeckoro Gon-
netena UP3 AH CCCP, npuHUMAA 3anuck 3eMneTPACEHWA OAHOM 13 CTaHUWA
33 onopHyro ("Mopuica Tope3a'), BBIYUCIIUAUN OTHOLIEHUA €8 aMNAUTYA, K aMTIAK-
TYAaM 3anuceil 3TOTO XKe 3eMNETPACEHWA HA APYIUX CTaHUMAX. 3TW OTHOWEHWA
nocfie OCPeAHEHWA NO BCEM 3eMAETPACEHUAM UCNONb3YIOTCA B Ka4ecTBe HOPMM-
PYIOWNX MHOXUTeneld nNpu 06paboTke 3anvceil 3emneTPACEHUN, OTOBPaHHLIX
ANA gnpefeneHnA UCKOMOMK 3aBUCMMOCTH. HailieHHb1e 3HAYeHUA MHOXUTEeNnew
npueegeds! 8 vabn. 7.4. [lnA cpaBHeHUR B 3TON Tabnuue ykasado! 3HaYeHnA no-
1MPaBoYHbIX KoahPUUNEHTOB, KOTOPbIE UMENK Gbl MECTO 8 CNy4ae OAHOPOAHON
TE0NOrMYECKOM CPeAbl U OTCYTCTBUA annapaTypHbiX CKaXEeHUA.

CyulecTBeHHOR pa3fnune BoiUMCNEHHbIX N (HaKTUYECKUX HOPMAPYIOLLKX MHO-
XUTefeit rOBOPUT O HEBOIMOXHOCTM NOAOGHBIX AonyuleHni. EcTecTBeHHO Npea-
NONOXKWTH, YTO FNABHYIO PONb B TAKOM Pasfituui UrpaeT reonoruveckan HeoAHo-
POAHOCTL Cpeabl.

WsBectHo, 4To ahtheKT 3aTyXaHUA MHTEHCUBHOCTV NPOABREHUA 3eMNeTPACe-
HWIA ABNRETCA PE3Y/IbTATOM CYMMAapHOro BAWAHWA NOrNOLMEHNWA Cpeabl ¥ reo-
MeTpuYecKoro pacxoxpaenrnAa nyden. 06a 3Tv ABNEHWA B HAcTORWEe BpemA
noaaaloTeA usyvernio [24] 1 HaxoaAT NpuMeHeHWe ANA peLeHWA Pa3nniHbIX
NPAaKTUYECKUX U TeopeTudeckux 3apa4. OAHAKO B pPaccmaTpuBaeMOM Chyuae
BAXHO 3HaTb HE POSib KBKAOTO U3 ABYX 3ITYUX HaKTOpoB B JTAENBHOCTH, 38 UX
CYMMapHoe BAnAHME Ha KOHe4HLIN Pe3ynbLTaT,

N3 scell cOBOKYMHOCTW 3EMNETPACEHMI W B3PbIBOS, 3aPErvCTPUPOBAHHBIX
Ha Npodune BCe CeTbIO CTaHUWIA NOMTW 33 ABYXNETHWA nepuoa HaGnioaeHwi,
OKa3anack npurogHoW K 06paboTKe nuuib ux HeBonbLIAA 4YacTb. Takam cuTya-
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Taénuua 7.5
AMNAUTYALI NPOAONSHbIX BONK OTAGNRHLIX 38MASTPACEHUA

T

21.03.80
3emneTpRceHue K=16
Cranyun Koadpuument A, KM A, MM App, MM
TAHe-WaHe 0,26 15,0 228 593
Anmaspacas 098 - - —
Anaray 1,22 - — —
Mopuca Topeaa 10 9.0 11,2 112
Anma-ATta 0,62 1,5 13,0 8,06
Xana-Tanan 081 -~ - -
)aHa- ApHa 081 52,5 18 1.46
nn 0,35 78,0 2,0 0,7
TabGnuvua 7.5 (okonuaHue)
11.07.80 10.11.79
3emMneTpAceHue K=86 K=18
Cranumn KoatdpuumenT 8, A, Ang, A4, A, Anp.
KM MM MM KM MM MM
. _— .
Tanob-Ware 0,26 5,0 54,0 14,01 - -~ -
Anmaapacan 0,98 - - - 16,0 11,6 1137
Anavay 122 8,6 5,7 695 - - -
Mopuca Tope3sa 1,0 = — - — = -
Anma-ATta 0,62 200 2.2 1.43 250 7.0 4,43
WMana-Tanan 0,81 — - - - -~ -
JKawHa-Apua 0,81 - - - - - -
Wnn 0,35 - - - - - -
D774
/7

P u ¢. 7.33. 3aBncumocTb 2aTYXaHUA YHTENCUBHOCTH NIPORARNEHWA 3EMAETRACEHVH OT Pac-
) CTOAHUA NO AaHHbIM
1 — KOMNNexKcHbIM; 2 — NPOMUNLHBIX CEACMONOIMYeCKUX HabnioaeHwit
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A, KM A, Anp. A, KM A, Anp. A kM | A, MM Anp-

MM MM MM MM MM
60,0 240 ' 504 5,0 168,0 | 437 ' 180 11,0 ' 28386
76,0 2,2 2,75 -~ - - 31,0 12,0 14,6
- - - 230 6,0 60 - - -
- - - - - - 36.5 8,2 5,57
1250 1,2 097 - - - - - -
- - - - - - 103,0 2,0 0,7

UMA cnoXMAace M3-3a OTMEHEeHHbIX PaHee OrpaHuyeHud Mo B3aUMHOMY Pacno-
NIOXERVID OYarOB OTHOCWTENBLHO CTAHUWHA, Hen3BeXHbIX Npy NPOdUNbHBLIX Ha-
6n104eHUAX U OrPaHUUEHHOMN YYBCTBUTENLHOCTI annapaType!.

Bce cBeseHmn 0 3eMneTPACENMAX — aHepreTuyecknid knace K, KOOpAVHAaTSI,
BpeMeHa — Gpanuck U3 Katanora 3emneTpAceHwWA CesepHoro Tare-llanA, coc-
TasneHHorc B WHcTUTYTe ceicmonormm AH Kasaxckoh CCP. Metoauka wiame-
PEHWA amnnuTyasl 3anNucK 3aperucTPUPOBaHHLIX 3eMNETPACEeHUI 3aKnovanach
B creaywouiem. B nepByo ouepelb NPOU3BOAKNUCL BbiAgneHue U MAEHTUDUKE-
uvA has NPoAONbHLIX BONH Ha BCeX CTaHUWAX. 3aTemM U3MEPRAUCL MaKCUMans-
Hbig aMNAUTY ALl (ABOWHOM pasmax) 8 rpynne BoideNeHHsIX BOnH. [pu aToM us-
MepeHua aMnanTyabl KoneGaHuid NPOBOAVNUCE HA BEPTUKANbHON KOMMOHEeHTe.

Peaynbrarsl usmeperus npueepeHs! B Tabn. 7.5. 3peck ke NpvBeAeHs! pac-
CTOAHWA OT O4ara 3eMNETPACEHWI A0 KaXAoW cTaHUuMM A U 3HaYeHWA NpuseaeH-
Hbix amrnuTyp, App € y4etoM Hopmupylowmx KoathdmumeHtoe. MonyueHHsle
Takum o6pasom 3HaveHUA App % A NOCNYKWNM UCXOAHBIMW A2HHBIMU ANA
NOCTPOEHWA 3aBMCUMOCTM 3aTYXaHUA MHTEHCUBHOCTV MPOABMEHNA 3eMNeTPA-
CEHWI OT PACCTOAHWIA.

CeoaHbIit rpadmk 3aTyxaHua, nony4erHbI4 AYTEM NOCNeAOB3TENLHOrO COBME-
WeHWA HAMBMAYaNbHBIX rpatMKOB AC HaUAy4LIEro UX COBMeLLeHUA, MoKa3aH
Ha puc. 7.33. OH ucnonszosax gnr NOCTPOEHMA NONA (GOHOBOW HaNNbHOCTU ANA
TeppUTOpUM I, Anma-ATb. 223



SAKNHMEHUE

Ecnn paccmatpuBaTh M3NOXKEHHbIE B HacToAwelk paboTe BONPOCHI CEMCMM-
4ECKOT0 MWKPOPaNOHUPOBAHMA C TOYKM 3PEHUA U3YMEHHOCTU U NPUMEHUMOCTH
ANA NPaKTUYECKUX Ueneit, TO OCHOBHbLIE HANPABMNEHUA AanbHeMWNX UCCNesoBa-
HUW M KPYr HEpelueHHbIX 3aaay 8 3Toi oBNacTU MOXKHO OXapaKTepu3oBarh che-
Ayoumm obpasom.

OoHUM M3 CYLUECTBEHHbIX 3aTPOHYTbIX B MOHOrpadvu ABNAETCA BOMPOC,
CBA3AHHLIN C WHCTPYMEHTaNbHLIMA METOAaMU CEMCMUYECKOro MWKPOpatoHW-
poBaHMA, KOTOpPble AENATCA Ha MpAMble U KOCBEHHble. K mpAMbIM MeToAaMm
OTHOCAT MUKPOPAUOHUPOBAHWE C UCTIONL30BaHUEM 3eMIIETPACEHNI, B TOM YACAe
cnnbHbIX. KoCBeHHble MeTO/bl OCHOBAHBI Ha KOPPENAUMOHHBIX 1 (hyHASMEH-
TaneHbIX CBA3AX MEXAY aMNNUTydamu KoneGaHui TPYHTOB NpU 3eMneTpA-
CEHMAX M (OU3MYECKMMN XapaKTEePUCTUKAMMK, ONPEAENAOLIMMNA UX AUMHAMUYE-
cKkve cponetsa. B pasenTMU KOCBeHHBbIX METOAOB AOCTUMHYTHI CYLECTBEHHbIE
pe3ynutatel. OAHAKO OAHOMEPHAR KOPPENAUUA TONLKO aMNNMTYAHOTO YPOBHA
KonebaHwiA npv 3eMNeTPACEHUAX € APYrMMK U3MYECKUMM  napameTpamu
FPYHTOB CHUXAET HAAEXKHOCTh OUEHOK GafnbHOCTU C MCNONL30BAHUEM KOCREH-
HbIX METOAOB. PacyeTHble METOAbI NPYMEHAKTCA KAk BCNoMoraTensHble KoOc-
BEHHbIM METOAaM CEeNCMUYECKOTO MUKPOPAWoHUPOoBaHWA. [lo CUX Nop He Ao-
Ka3aHa MPaBOMOYHOCTb WUCNONL30BaHWUA aKCeNeporpamMM CUNbHbEX 3eMNETPA-
CeHUI, MONYYEHHbLIX B Pa3HbLIX CEMCMMUYECKUX 30HAX NPU OANHAKOBLIX CeACMO-
noruyeckux ycnoewax, Hanpumep, Cpended Aauu, Kamuatku vunu BocTouHow
Cubupn. He n3ydeHbi 3aKoHb! 3aTy XaHWA KONEBaHWA B peanbHsIX cpeaax.

OaneHeiilee n3ydYeHue CNeKTPanbHbIX W BpPeMeMHbIX 3aKOHOMepHOCTeN
KoneBaHuit cUCTEM TPYHT—COOPY>XEeHUE NO3BONUT BLIABUTL CTENEHb NOBPEX-*
AeHWA U paspyLLeHUH COOPYXeHui 0T COBOKYNHOCTYM NapameTpoB KonebaHuit
rPYHTOB Npyv  3eMneTpAceduAx. BepoRATHOCTHWA NOAXOA K OueHke celic
MWYECKOW  OMAcHOCTW KOAEBAHWA CUCTEM FPYHT—COOpYKeHWe facTh BO3-
MOXHOCTh AU(DEPEHLLMPOBAHHO, B 3aBMCUMOCTM OT OTBETCTBEHHOCTU W 3KC-
NNYaTauMoHHOro CpoKa cnyxGbl COOPYIKEHUA BBOANTE AaHTUCEHCMUYECK Me Mepo-
RPUATUA,

Mockoneky anNA NOCTROEHNA AOCTOBEPHbIX KapT CEMCMUAMECKOTO MWKPO-
PaloHNPOBaHMA HaOBX0AMMO 3HaTh NapameTpbl KONeBaHWi rPyHTOB Npu cunb-
HBIX 3eMNETPACEHVAX, TO B HACTOALLEE BPEeMA flePBOCTRMEHHON 3adaueid ABNA- -
e€TCA U3YYeHWe 3STUX NapameTpoB HA XOPOWEM MHCTPYMEHTanLHOW ocHOBe.
Onda 370/ uenu nNpu NpoBeAeHUW 3IKCREPUMEHTANBHBLIX WUCCNEROBAHWNA Heob-
XOAUM ORHOBPEMEHHbLIK 3amep AethOPMAUNIA, HENPAXKEHUH, CMELLEeHUIA, CKO-
POCTEN U YCKOPEHUIA MPYHTa NPU CUAbHbIX CeACMUYECKUX BO3AGNCTBUAX.

B meToanyeckom OTHOLWERUM UEHHLIA IKCNEPUMEHTANbHEIM U CPaBHMTENb:
HO ferko AOCTYNHBIN BO BPEMEHHOM W OPraH®3auMOHHOM NnaHe nonesoH
MaTepuan MOXHO MONYuYMTb NPU MNOCTAHOBKE UHCTPYMeHTanbHbIX HaGnioaeHUIA
B 6RUMKHEN LIYR MPOMBILLNEHHBIX ¥ CTIBUMENbHBIX B3PbIBOB. B TeopeTnueckoM
OTHOLIEHUN AR PeLIeHNA AaHHOW Npob6nemsl BO3HWKNA HAacTOATENbHAaA HEOG-



XOAAMOCTb Pa3paGoTKM anropuTMOB PeleHnA ypasHenuid koneGanwit B cTaguu
Heymnpy rx aehopmauwii,

B pesyneTate Heynpyrux AehOpMaunii BOHUKEIOT celicmoaetopmauvi 8
rpYHTE, A0 CUX NOP OCTAIOWMECH HELOCTATOHO W3ydenHbIMU. Celicmonedopma
UMM B FPYHTaX CYLLECTBYIOT HapPAAY C CEHCMOTEKTORMHECKIMMU HapyLIeHUAMY,
HO 3aBUCAT npevMmyLLeCTBeHHO OT d)aKTOpOB’CBﬂf!aHHbIX CO CTPOEHWeM NoBepx-

wocTHOW (reveporedHoid) 3ouet nuTochepbl W ¢ penvedom, B obpaszoBasun
ceiiCMOAUCIIOKaUUn BGONbWYI0 PONt WUIPAT NPOYHOCTE NOPOA, ruaporecnory-

yeckve PaKTOPb! Y ceCMUYECK e XapaK TepUCTUKYW NOPOA,
MaTepuah RaHHOW MOHOrpadMn NOKasblBaeT CNOXHYK TPUPCAY cedcmu:

yecKnX XapaKkTepUCTUK TPYHTOB, KOTOPLie CneayeT MayyaTb BO B3aWMOCBA3U

¢ Pa3nUYHBIMY FEONOTUUECKUMU (haKTOpamu, ) .
B uenom >xe B 0bNacTM CeiCMU4YECKOTO MUKPOPaNOHMPOBaHMA TpebyeTca

ablwupHan aKCNepuMEHTanbeHaA W TeopeTMdecKan paBota ¥ cocpeaoToueNue
yCMﬂWh MHOIUX HaY4YHbIX W HAY YHO-N3EICKATENBCKN X opranmaunﬁ.

18. 3ak. 1667
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B U3AATENLCTBE "HAYKA” »

TOTOBATCA K U33aHW0 CRenyrowmne KHATKH]

CelcMmUueCKUE CBOWUCTBa rpyHTos/ — 8n. — 1p. 20k,

PaccMOTpeHb! NMPOARJIEHWA 38MNETPRCEHUIN B PANNYHDBIX
rPYHTAX, NHXKEHEPHO-TEONOrMYeCKIe OCHOBb) CENCMUNYECKOro
MUK DOPaiOHMPOBAHUA PE3YyNbTaThl M3YYEHUA CENCMUYECKNX
CBOWCTS Mep2anbix W TanelX rpyHtoB. OCHOBHOE BHUMAaHWe
YACNEHO NOBEAEHWIO FPYHTOB NPU 38MNETPACEHWAX W Cenc-
MUUECKUM CBOWCTBAM TPYHTOB 30HbBI ManblX CKOPOCTEN.
Bonpocbl, 3aTpoHyThie B COQOpHUKE, BaXkKHbl ANA NMPaAK TUKK
CeNCMUYECKOTO MUK POPatCHUPOBAHUA, v

‘AnA UHXXeHepoB-CeMCMONOroB, CNeulanucToB No Cencmu-
YECKOMY MWKPOPaNOHUPOBAHMIO, MH>XEHEPOB-NPOEK TUPOB-
WA KOB.

Teopua u ananua ceiCMonoruyeckon nhdopmanum. Boiywenn-
TensHana cencmonorua. Boin. 18/— 20n. — 3p.

PaccMOTpeHbI OCHOBHMbIE acnNeKTebi  AONTOCPOMHOIQ npor-
HO3a8 CUMAbHBLIX 3eMNeTRACeHWA: (PeHOMEHONOTNYeCKNe Npea-
BECTHUKMU, MOAENN CEMCMUYHOCTM YU NapameTpbl Celicmuyec:
KOro Pe)XXUMa, KPUTEpU BbICOKON CEACMUYHOCTU. TlonyyeHsl
ABHbIE PEUIEHUA YPABHEHWA MarHUTHOW rUAPOAUHAMUKK
Ha CneunansHOM PUMAHOBOM . MHOro06pazun u nokasaHo,
4T0 PacCMOTPEHHbIE NONA CKOPOCTA ASHCTBYIOT KaK MarHvT-
Hoe aAuHamo. [lpuseaeH PAA HOBbiX Pe3ynbLTaToR B TROPUM
3ajay cercmonorum,

Lna wWrpokore Kpyra cneumanucroe reoPusnkos, cenc-
MONOroR, 3aHATLIX UHTEPNPETaUNeld PasHOOBPa3HbIX CENCMU-
veCKux HabalaeHuiA, NPOrHO30M 3eMNETPACEHUA, CercMu-
4eCKOro pucka.

Wwr eMenko HH. OnTMMaanble CTaTUCTHUHECKHE METObI
ceicmonorun/— 20n. — 3p.

B moHOrpacduv U3anoxeHbt ONTUMaNsHbIE CTaTUCTUYECKUE
meToabt 0Bpabotku cecmonorunyeckon wHoOpPMauMuM Nno
KPATEPUAM MAKCUMANbLHOrO NPaBAONOAGGUA N MaKCUMyMa
IHEPreTMYECKOro OTHOWEHUA. PaccmotpeHbl 3aga4v obHapy-
KeHWUA, BOCCTAHOBNEHMA CUTHANOB NPW KOBAPMaHTHOCTU




rnomex BO BPeMeHN U B NPOCTPEHCTBE, KOMMNEKCUPOBAHURA
PasnAUuHbIX MHOFOKaHaNnbHbiX reohU3U¥eCKUX MeTONOB Ha-
6ntoaeHnA, COBMeCTHoIt 06paboTkut uHdopPMauri, NocTynawo-
e oT pAAa CeTeit U COBOKYMHOCTA FPyfin CTaHuuWii v ap.
C ocofBbiM BHMMAHMEM OUEGHUBAIOTCA AUHaMUYECKWe napa-
METPbl CEACMUYECKNX RBAGHUA M C ITUX NO3MUMIA onpeae-
NAETCA HEOAHOPOAHOCTh CEMCMUYECKUX ceTei HabnioaeHuA,
Ll,r!a CReUUAnMCTOB-CEMCMONONos ¥ reotu3nKos.

3akazel NPOCUM HaNpPaBNATb NO OAHOMY M3 MEPEYACNEHHBIX
BAPECOR MArasnHos “KHura—nouwron” "AxkaaeMkHura':

480091 Anma-Ata, 91, yn. ®ypmanoss, 91/97; 370005 Baky,
5, yn. Dxanapuwase, 13; 320093 fQnenponertpoack, npocnext K. e
rapvwa, 24; 734001 OywanGe, npocnekT flenuna, 95; 252030 Kues,
yn. Nwporosa, 4; 277012 KuwuHes, npocnexT JleMuHa, 148; 443002
Kyh6uitwes, npocnexT NenwuHa, 2; 197345 Mewwnrpaa, MNerposasoa-
ckan yn. 7; 220012 Mumnck, NennHexuin npocnext, 72; 117192
Mockea, B-192, MuuypuHckut npocnext, 12; 630090 Hosocubupek,
Axaaemropoaok, Mopckol npocnexr, 22; 620151 Ceepanosck,
yn. MamuHa-Cnbupawxa, 137: 700187 TautxenT, yn. Apy»6el Hapo-
aoe, 6; 4500589 Y, 59, yn. P. 3opre, 10; 720001 ®pyHie, Gyneasp
Daspwurickoro, 42; 310078 Xapexkos, yn. Yepusiweackoro, 87.
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| MOXeHWe [OCTIKEHWH B Da3BHTHH CEACMMYECKOTO MHKPO-

PacemaTpuBalOTCA B2 OCHOBHBIX acnexra pmm ccfmm’

Monorpadua npencrannaef OGO CHCTEMATHIHPOBAHHOE H3-
PaROHMMPOBAHHA BelYIHX - HAYWHBIX yupememm CCCP.

qecKoro MUK POPaiOHHPOBAHHA'
— C€O3[aHHe Ha OCHOBE . anpoﬁnponamxx Meromx pexo
MEHIAIMI WIH PYKOBOACTE 0O TpOBENCHHI0: ceﬁcmcxo-
ro MHKPOPAAONHPOBAHIS;
— npanbHeillllee Pa3BHING H COBEPIICHCTBOBANME amo.zm
H MNpPHEMORB. CeHCMHYECKOro. mmpopauoaupoamx myu-
HBIMH OPraHH3AHAMH.
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